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Bayonet contacts (1) are the only moving parts 
of the Rupfor interrupting device. 


WO 


Drop the tank, and the bayonet contacts are 
visible in open position. For access to the sta- 
tionary contacts, one needs only to remove four 
bolts and cylindrical shell (2). 


Tulip and bayonet contacts (3) maintain high 
conductivity without readjustment or cleaning. 
Arc energy is minimized by efficient interruption 
within oil-filled Ruptor unit. This in turn contrib- 
utes to long contact life and low oil deterioration. 


In addition, a mechanically trip-free solenoid operating 
mechanism controls contacts of time-proved Raptor 
interrupting devices. And pole unit mechanism is self- 
lubricated — completely enclosed — sealed from dust, 
dirt, corrosion. 

In brief, Allis-Chalmers DZ breakers are built to 
assure years of dependable, trouble-free service. 

Allis-Chalmers power circuit breakers are available 
in ratings from 2.5 to 230 ky, with interrupting capa- 
cities from 15,000 to 10,000,000 kva, to meet all 
industrial and power company requirements, For more 
information, call your nearby A-C representative, or 


write to Allis-Chalmers, Milwaukee 1, Wisconsin. 
A-4057 


Ruptor is an Allis-Chalmers trademark, 


Cutaway view of DZ- 
60B breaker, show- 
ing one Ruptor unit, 
with bayonet-type 
movable contact in 
open position. 


Rupftor unit in full 
closed position. 


Ruptor unit in contact 
break position, 


RATED | MINIMUM | RATED KVA 
KV AT INT. 
RATED KVA CAPACITY 


DZ-40B* 100,000 
100,000 


100,000 


DZ-60B+ 


150,000 
150,000 


DZ-100B} 250,000 


DZ-200B+ 500,000 


500,000 


at 


*Ask for Bulletin 71B6179. +Ask for Bulletin 71B6129. 
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Officers and Committees. With the 
_ beginning of a new Institute year, a com- 
plete listing of AIEE officers, committee 
-and subcommittee personnel, and repre- 
_ sentatives for 1953-54 is presented in this 
_ issue. Also included are the latest listings 
_ of Sections, Subsections, and Student 
. Branches (pages 825-48). 
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Meeting Programs. The tentative techni- 
cal programs for three coming meetings are 
included in this issue: the Middle Eastern 
_ District Meeting (pages 870-13), the Aircraft 
_ ‘Technical Conference (pages 873-15), and 
_ the National Electronics Conference (pages 
© 816-17). 
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_AIEE Fellows. Biographical sketches of 
members recently elected to the grade of 


Fellow in the Institute are presented (pages 
819-20). 


Training Graduate Engineers for Pro- 
fessional Careers. With the increasing de- 
mand for technical people to assume man- 
agement positions, it has become necessary 
that engineering graduates be trained in new 
skills that will fit them for leadership. Also, 
to make the best use of the engineer’s talents 
and energies, we should utilize the services of 
technicians and nonengineering graduates 
where possible (pages 767-3). 


Greater Safety for Textile Electric Equip- 
ment. The electric equipment associated 
with textile machinery long has been the 
principal contributing factor to the many 
fires occuring in textile occupancies. Lint- 
tight enclosures for controllers, totally en- 
closed or specially designed textile motors, 
and careful application of the electric equip- 
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ment, or complete factory-engineered pack- 
aged units are suggested as methods to im- 
prove the fire record, reduce maintenance, 
and eliminate costly interruptions to produc- 
tion (pages 777-6). 


Industrial Application of Infrared. Elec- 
tric radiant ovens now are competitive with 
fuel-fired convection ovens in regard to 
operating cost in many, if not most, applica- 
tions. ‘The chief differences between various 
near and far infrared sources are shown to be 
economic. It also is indicated that radiant 
and convective methods rarely can be com- 
bined advantageously in one oven area 
(pages 764-9). 


Automatic Control System With Provision 
for Scanning and Memory. This system 
leads to simple, easily maintained equipment, 
capable of setting any adjustable control to 
the point in its range producing a maximum 
or minimum of the desired effect. It is 
capable of an indefinitely large number of 
settings, depending on the input condition. 
If the phenomenon being adjusted is sus- 
ceptible to drift with time, repeating the tun- 
ing cycle will readjust to the new position. 
Its low cost and applicability to a wide range 
of effects makes it a valuable tool in the auto- 
matic adjustment of complex equipment 
(pages 782-4). 


A Level Compensator for Telephotograph 
Systems. This compensator eliminates in- 
terference in telephotograph transmission 
through broad-band carrier equipment by 
cancelling it from the signal delivered by the 
carrier facility. It consists of a pilot channel 
arrangement inserted in the telephotograph 
connecting circuits. ‘Tests made over actual 
broad-band carrier facilities indicate the 
level compensator should greatly extend the 
usefulness of these carrier facilities for tele- 
photograph transmission (pages 787-97). 


Magnetic Amplifier Circuits and Applica- 
tions. The various magnetic amplifier cir- 
cuits most widely used are reviewed in their 
general forms. Although magnetic ampli- 
fiers are sensitive, high-gain, high-speed, 
versatile devices capable of delivering large 
quantities of power efficiently, it is seldom 
practical to combine all these attributes in 
one amplifier. Three factors should be con- 
sidered in the application of magnetic ampli- 
fiers to particular problems: the signal 
source, the gain and time constant required, 
and the load into which the amplifier must 
work (pages 791-5). 


Branch Circuit Overcurrent Protection for 
Appliance Loads. The important role of 
the branch circuit overcurrent protection, 
which is frequently the only overcurrent 


Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain 
the formally reviewed and approved 
numbered papers (exclusive of ACO’s) 
presented at General and District meet- 
ings. The publications are on an annual 
subscription basis. In consideration of pay- 
ment of dues, members (exclusive of Stu- 
dent members) may receive one of the 
three publications; additional publications 
are offered to members at an annual sub- 
scription price of $2.50 each. The publica- 
tions also are available to Student mem- 
bers at the annual subscription rate of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York ex- 


change). Single copies, when available, 
are $1.00 each. Discounts are allowed to 
libraries, publishers, and _ subscription 
agencies. 


protection ahead of the appliance, and its 
relation to the satisfactory performance of 
electrically powered appliances are dis- 
cussed. ‘Three typical branch circuits and 
their protective devices are studied in some 
detail (pages 778-9). 


Unique Outdoor Hydroelectric Plant. 
This installation represents another step for- 
ward in the growing trend toward modern- 
ization of outmoded small hydroelectric 
plants. Rebuilt with completely outdoor 
units and remotely controlled, it has operated 
successfully in all-season weather. Its con- 
struction and operating costs are substan- 
tially less than an indoor or semioutdoor 
installation (pages 803-07). 


Nuclear Power. Being heat power it in- 
volves a heat cycle similar to conventional 
power plants, with a nuclear reactor replac- 
ing the ordinary boiler. Many combina- 
tions of the basic reactor types are possible, 
but which is best suited to economic produc- 
tion of power has not been ascertained as yet. 
There is no doubt that any high-ratio re- 
generative reactor will find a plentiful supply 
of raw materials (pages 799-803). 


Membership in the American 
Institute of Electrical’ Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 


formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. H. H. 
Henline, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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JOHN GAMMELL 
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| for a Professional Career 


ROFESSOR P. F. Drucker of New York University 
_j_ has stated' that: ‘Professional employees are the fast- 
. est growing group in our work population today. . . 
For scientific research alone there are now about 3,000 


They are being forced into management positions because 
they are the ones with the knowledge to solve more of the 
problems that beset industry than any other group. To 
carry the load, engineers will need much help. They will 


laboratories in American in- 
dustry.” We are not alone, 
however, in the phenomenal 
growth of science. 

_ According to Robert Frank- 
lin, writing in the New York 
Herald Tribune,? ‘“Twenty-four 
of every 25 students who be- 
gin a university course in 
Communist China this year 
are being prepared for a role 


If we are to keep up with the steadily increasing 
demand for technical personnel, we will be 
forced to develop greater productivity per 
person in the future. Not only can we provide 
better training for those engineers who go into 
management and sales, but we can use the 
engineer’s talents to best advantage by utilizing 
the services of technicians and liberal arts 
graduates where possible. 


have to be better trained 
technically, and those who 
are drafted into management 
will need to learn new skills— 
skills in inspirational leader- 
ship, skills in meeting and in- 
fluencing people, skills in writ- 
ten and spoken communica- 
tions, as well as a knowledge 
of law, finance, accounting, 
and so forth—all originally 


in China’s ambitious indus- 

trialization program. Only 

3 per cent of this year’s university enrollment were per- 
mitted to take courses in the fine arts, law, or political 
science... By far the heaviest enrollment is in engineer- 
ing colleges.” 

The author has made up a set of curves plotting against 
time the per cent of increase or decrease from 1940 until 
1953 of engineering graduates, population, kilowatt gener- 
ating capacity, and that statistical catch-all, the gross 
national product. It will be observed from these four 
curves, Figure 1, that we will be required to develop a 
great deal more productivity per person in the future than 
we have in the past if we are to keep up the expansion rates 
of recent years. 

For instance, installed generating capacity in the public 
utility industry is doubling approximately every 10 or 12 
years. Not only is it doubling in size, but it is increasing 
in complexity. Higher steam pressures, higher voltages, 
higher temperatures, higher speeds, new materials, are all 
items which bring headaches to the engineering depart- 
ment. Whether or not we need more or less than twice as 
many engineers for twice as big an industry, is difficult to 
judge. However, these trends are, on a long-time basis, 
very reasonable. In addition to the increase in the more 
basic industries, it is not hard to think of many new activities 
which seem to have insatiable appetites for technical people. 
Nuclear fission, electronics, and chemistry will involve just 
a few of them. Even in the homes the added technology 
is apparent. In 1950 United States manufacturers pro- 
duced more than 20,000,000 small-size motors for homes. 
They hope to double the number by 1960. 

In addition, there is another demand on technical people. 


Essentially full text of a paper presented before a meeting of the West Central Texas 
Division of the AIEE North Texas Section at Abilene, Tex., May 13, 1953. 


John Gammell is with Allis-Chalmers Manufacturing Company, Milwaukee, Wis. 
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alien to them. They must, 

to quote J. P. Magos, direc- 
tor of research and engineering, Crane Company, learn 
that “an organization chart is not the real organization,” 
that “an executive who thinks entirely in terms of formal 
authority won’t last long,” that “if our engineer can first 
acquire authority of leadership and is then given authority 
of position, he will do a successful job.” 

This alarmingly small group of engineers will have to 
be aided also by technicians and, in some cases, by selected 
business, arts, and science graduates. The magazine 
Time quotes a spokesman from the United States Steel Cor- 
poration as having reported that ‘75 per cent of the jobs 
for which engineers are hired could be filled by graduates 
with bachelor of arts degrees.” The figure “80,000 engi- 
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Figure 1. Approximate per cent comparison of engineering 
graduates to population, gross national product, and generating 
capacity—base year 1940 
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neers”? needed “is never accompanied by an equally 
important quota of, let us say, 400,000 technicians and 
1,000,000 semiskilled industrial workers.’’ It is hard to 
agree with all of these figures, yet they do illustrate what 
many people think is a trend of the future. In this respect, 
market research analysts always point out that to predict 
what will happen during any given year is mostly guess- 
work, but to predict the trends over a period of years is 
reasonably accurate. 


TRAINING ENGINEERS IN INDUSTRY 


N ENGINEER’S JOB, the same as anyone else’s, is first to 

be an upright citizen with a high sense of moral values. 

We do not want to create citizens who feel that it is all right 

to use their talents to build supersonic jet airplanes for 

military transportation while the general populace is riding 
in oxcarts. 

Secondary to the right motivation, then, we want engi- 
neers who also have the technical ability to get us out of 
oxcarts into the newer and better world. In saying this, 
we are mindful that military jet planes may be a necessity 
for national preservation, but the real end is better trans- 
portation. 

When engineers come out of college, they are, in the 
words of Dean R. E. Doherty, formerly of Carnegie Insti- 
tute, ‘‘mentally clumsy, relatively narrow in interest and 
perspective, and awkward in writing and speech” and 
‘“practically incapable of analyzing problems or situations 
in terms of general principles.”” Because of this, they 
tend to ‘‘remain in the comparative isolation of technology.” 
Industry, at this point, must take the raw recruit and adapt 
him to practical usefulness. 

In the author’s company is an initial training course 
which lasts up to 2 years. During this time, we may rotate 
the students into 20 or 30 different departments. We give 
them the equivalent of 10 to 20 weeks of lecture and dis- 
We also send them to three or four different 
plants, and we encourage them to take night-school courses, 
a large share of the expense of which the company pays. 

During this training period, the student interviews promi- 
nent men of the company. He talks over with them his 
hopes for the future. The student chooses where he wants 
to work during training. We do this on the basis that, 
here is a young man with 16 years of schooling who has 
survived a great deal of selective discipline. He should be 
a pretty level headed person and he probably understands 
himself a lot better than we do. He is, however, lacking 
in the knowledge of the company and its activities. We give 
him this knowledge; we also give him aptitude, intelligence, 
personality, and preference tests. We talk over these things 
with him, together with his college record and his record 
in the training locations in our company. When a student 
has this kind of information, we are inclined to regard his 
appraisal of himself most highly. 

If he wants permanent work in a certain department, 
we let him train in that department. If he can sell himself 
to his section head as a regular employee and the depart- 
ment needs a man, then we think it is a good placement. 
If he cannot sell himself in that location, he tries another. 
If he finds a location early in his course and he does not 


cussion. 
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have sufficient background to handle it properly, he con 
tinues training in other departments until he and h 
future boss are satisfied. We have been doing this for 4 
long time and it works well. b 

It is interesting to note that we have 61 recognized “train: 
ing locations” and a number of others as yet indefinite 
Taking the minimum recommended time in each of the 6 
locations, we arrive at a total of 123 months. This can be 
regarded as the potential from which a new trainee maj) 
choose to work out the customary 24-month course. ! 


The 
123 months’ potential is 5.13 times the customary 24 
month course. It represents a period of 10. years and 


months. 


SALES TRAINING 


ay OF THE professional people go into sales. Oun 
products are highly technical and there is a larg ef 
variety of them, so that they provide a stimulating careen 
for the sales engineer. Since we have so many products, 
we are inclined to want the sales engineer to stay on training} 
for the full 2 years, and most are more than glad to doit. 

An engineer, however, is not naturally a salesman either 
by inclination or training. The same could be said of those} 
engineers who find themselves in administrative tasks 
Dr. R. W. Wallen, associate professor of psychology, 
Cleveland College, says of engineers as opposed to sales- 
men 4 


They are interested in logic as opposed to feelings. 
Many of them believe that you can persuade people byy 
means of logic better than any other way and, of course, 
this is not true. 

We are, to some extent, then, in the process of changing 
personality. Dr. Wallen says further: 


If we tend to make engineers switch about completely, 
we run the risk of depriving ourselves of certain social! 
contributions. And we may produce a bunch of frustrated 
people who feel guilty because they can’t change and think 
they should. 


This factor seems to have been avoided here because we> 
let the engineer who has an interest in sales select such a 
career himself after he has had some opportunity to see 
approximately what it is like in our particular company. _ 

We make a great effort to establish in the minds of these- 
people that good salesmanship begins with product knowl-- 
edge but that it does not end there. We stress to the sales) 
engineering prospects that the principal means of communi-- 


cation with other people is the spoken word. Engineers, | 
of course have other means of communication, such as; 
mathematical symbols, diagrams, and blueprints. 
ever, even the most abstruse symbols require words at some 


How-- 


point to establish their meanings. Every salesman should. 
be able to talk easily, interestingly, and effectively about the! 
product he has to sell. If he cannot do this, he does not 
easily fulfill his mission, which is to see that information. 
concerning needs is sent from the field to the factory, and | 
that information concerning equipment is sent from the: 
factory to the man who can use the equipment to advantage. : 

In reading about most great inventions, we are struck, 
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with the fact that many people thought of the invention at 
about the same time, but the man whom we read about 
foday as the inventor was the one who had a sales engineer- 
ing approach. He sold his idea and saw that it was made 
useful to many people. 

We show our future salesmen many films on human rela- 
tions. We are aware that progress in this area comes slowly, 
ce it has to be superimposed on a personality pattern that 
s already well established. But, progress can be made. 
Fortunately, most of our sales engineers will call on cus- 
tomers who are highly skilled in our products. Occasion- 
ally, however, they do have to talk to people who are less 
favored in technical ability. 

_ To quote Dr. Wallen again: 


_ Engineers need to learn a lesson in humility. They need 
to grant validity to another person’s point of view. Simply 
because they are oriented toward numbers does not mean 


a HUMAN RELATIONS AND THE PROFESSION 


aa 1s YET another field of training which can be 
4 introduced by the idea of human relations in engineer- 
ing. That is, what we do about inculcating a spirit of pro- 
fessionalism in our students. While we have no fixed policy 
‘on the matter, we do encourage our students to become 
registered engineers and to take whatever examinations are 
necessary toward this end. We encourage them to belong 
to professional societies and to attend their meetings. It 
is our hope that while they are doing so, they not only 
‘will maintain an “up-to-dateness” in their technical know]- 
‘edge, but they will absorb some of the outlook of the true 
professional man. 

The following is a definition of a profession as worked out 
by one of the Wisconsin Society of Professional Engineers 


committees: 


A profession is a calling dealing with spiritual, physical, 
or social laws, principles, and aspirations, and requiring 
expert knowledge, inherent skill, and strong moral purpose 
in the application of the same to the conduct of life and 
the affairs of men. 


A truly professional man has unique contributions and 
ideas to offer to his employer. If he is truly professional 
he is happiest when making individual contributions rather 
than when submerged in collective operations. Never- 
theless, he must work well with other people. He deals 
with his superiors on the basis of these unique contributions 
or the possibilities of them. His whole attitude is and 
should be highly individualistic. He may not conform to 
rules or arbitrary standards readily. 

In the words of Professor Drucker: 


Professional employees do not fit into the administrative 


process—and the administrative process does not fit them. 


In particular, the very concept of “‘supervision”’ goes against 
the grain of the professional employees... ‘Thus, the supe- 
rior should be a co-ordinator or teacher rather than a super- 


visor. 


If a professional man finds himself in a position such that 
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no professionally unique contributions are possible or apt 
to be possible, then he is in a job suitable for a technician. 
He has given up the profession either by choice, necessity, 
or because he is unwilling to assimilate the professional 
point of view. No man with something special to offer 
will submit to or ganized group treatment or, for that mat 
ter, to group treatment by an employer. 
Professor Drucker also wrote: 


Indeed, the professional employee who becomes disgusted 
when he is being used as a technician is better than the 
one who accepts complete subordination of his craft to 
For the latter becomes a cynical hack 
and will soon cease to make any contribution to the busi- 
ness—-even as a technician. 


business rationale. 


The work of technicians should not be minimized, but 
one must consider that there are jobs requiring different 
abilities. Henry Ford, James Watt, and, possibly, the 
Wright brothers, would seem to be technicians, rather 
than engineers, but they were eminently successful. 

It is not easy to get a true professional employee or his 
management to accept these truths. Management, in 
particular, has its difficulties with professional people. 

“These people want perfection; they don’t care a rap > 
how long it takes, how much it costs, or whether anyone 
else wants perfection anyway. They always want another 
4 weeks to improve the job just a little more,” says Professor 
Drucker. Or again, ‘“‘He does not think of himself as work- 
ing for the company but rather regards the business as 
his laboratory, if not his guinea pig.” 

This monster, collective thinking among professional 
engineers, has been characterized by Dean W. R. Woolrich 
as “legalized mediocrity.” It seems we have here strong 
opposing forces which well may destroy much of each other 
if they insist on proceeding toward battle. 

In the author’s company, we try earnestly for the spirit 
of engineering in our training and the opportunity of prog- 
ress in our placements. We do not want to hold a man 
with us if we have nothing for him, and we do not want him 
to leave if we have. We are aware, however, that if you 
can keep a good man patiently at a task, he sometimes makes 
a professional job out of an apparently lowly operation. 
When this happens, we have true progress. 

We then either must have a position for an engineer or 
inspire him to make his job into one suitable for an engineer, 
or we ought to hire technicians or liberal arts graduates. 
This we attempt to have recognized in all of the vast areas 
of our large corporation. 

As with most operations involving people, we eventually 
end up with concepts of action higher than can be expressed 
by facts and figures. No amount of planning and system 
is, in itself, an answer to true professional training problems. 
The apostle, Paul, states, ““The letter killeth but the spirit 
giveth life.” 
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HE INDUSTRIAL 
marketing and applica- 
tion of the type of elec- 
tric radiant equipment gen- 
erally referred to as “infrared” 
is now halfway through its 
second decade. Infrared has 
lived successfully through its earlier, more glamorous years 
as a mysterious catalyst with unlimited potential; it has 
survived being oversimplified by the swing back to realism. 
It has been subjected to a great deal of abuse by 
irresponsible commercialism and unintentional misapplica- 
tion and has had many successes and failures. ‘The fact 
that it is today a recognized and reputable heating means 
in some of the largest installations and in some of the 
largest industries is testimony to the basic worth of the 
process. See title picture and cover. 
As such a recognized process, it competes largely with 
convective, and to some extent conductive, methods of heat 
transfer in most of the low-temperature (below 600 degrees 
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The current thinking concerning the peculiar 

advantages of this method as compared to other 

methods of heating, and the variations of equip- 

ment in use within the infrared process itself 
are presented. 
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Fahrenheit) product-heatins 
markets. The last 15 yean 
of trial and error have verifiec 
some early conclusions anc 
refuted others. | 
Briefly, in contrast to con 
vection heating, infrared pro: 
vides economical means for quickly raising temperaturé 
levels in products having a wide variety of shapes, sizes 
and weights. It has proved to be more easily adaptable tc 
products having thin and thick sections because of the in 
tensity levels that can be created and maintained in an 
desired region; the ability to “zone” ovens radially as wel 
as longitudinally, and to revise such “zoning” quickly anc 
economically by simple lamp changes or switching has mad 
it far more flexible than competitive means. 
to process economically with ‘‘clean air” and the electri 
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interlocks that permit immediate collapse of radiation with 
conveyor stoppage have provided factors of safety in ovens 
which were previously unattainable. No other heating 
source has enjoyed the safety record that has been attained 
by properly applied infrared. Nearly all of the few re- 
corded fire losses in infrared ovens have been traced to 


installations which disregarded the simple and obvious reg- 
* ulations which apply; mostly, they were crude or home-made 


~ neered infrared installations with modern equipment have 


> 


structures with little or no ventilation means. Properlyengi- 


p proved that electricity can be competitive, on an over-all 


j 


operating cost basis, with any other fuel. This represents a 
considerable change in thinking from earlier years, when 
it was generally believed, if not conceded, that, being an 


‘electrical process, it was necessarily many times more 


expensive than gas or steam. Similarly, many old beliefs, 
‘such as “infrared is only all right for flat simple products 


" such as ash trays,’ are seldom heard. Whereas, at one time, 


. 


is. 1m a 


_ tempt at division has been 
made, the exact location 
_ of which never has been 


‘it was thought that materials required reformulation for 


| . . . . 
infrared processing, it now is generally conceded that any 


material responsive to heat processing (under 600 degrees 
Fahrenheit) can be done with infrared. Considerable 
data support the present feeling that critical materials can 
be processed on a short cycle more safely and to a better 
end result by means of short-wave radiation. Evidence 
is at hand indicating that radiant penetration is important 
in the processing of many materials, and while no attempt is 
being made to claim any magical properties, it still is not 
safe to stand on the “heat is heat”? basis without clearly 
understanding that the ultimate location of the heat must 
play a part in any analysis. 

From the users’ standpoint, possibly the most confusing 
thing about infrared is its name. Had it been commercially 
launched as radiated heat, there probably would have not 
been the degree of misunderstanding that has surrounded 
it more or less from the start. However, the novelty and 
mystery were perhaps necessary in the beginning to inter- 
est a prospective user and to bolster his credulity to the 
point where he was willing to undertake the use of the new 
medium. But from the standpoint of simplification, now 
that it is conceded generally that benefits from its use do 
exist, it might have been said and may be said now that heat 
radiation referred to as infrared and sometimes complicated 
by division into “near” and “far” infrared exists over a 
very broad band. Just to refresh the perspective, consider 
that the heat radiation band exists all the way from the 
visible at approximately 0.8 micron to 400 microns, see 
Figure 1. Over this entire 
range, its gradual change 
from short to lengthy waves 
stepless curve. 
Somewhere near the short 
end of this curve, an at- 


determined. There is not much in the characteristics of 
the radiation itself to suggest a line of demarcation. It has 
been placed by different authorities at some point between 
3 and 5 microns, probably because early researchers found 
it necessary to make a change in measuring equipment 
at somewhere near this point. Due to the fact that glass 
lenses and prisms were employed at the shorter wavelengths 
and that their transmission factors decreased fairly abruptly 
within the range from 3 to 5 microns, it was necessary to 
go to quartz and other rock crystalline material in order to 
secure results. Also, the absorptivity of water or water 
vapor commenced to assume serious proportions within the 
same range. Most other translucent materials such as 
pliofilm, ethyl cellulose, cellulose acetate, cellophane, 
lucite, and so forth, do not display absorption bands of any 
magnitude under 7 or 8 microns, see Figure 2. One other 
characteristic of heat radiation which might have some 
significance is the fact that visibility of heated objects dis- 
appears at somewhere around 850 degrees Fahrenheit 
which corresponds to a color temperature of 4 microns. If 
there is any real need for a division between areas of the 
infrared spectrum, there might be more justification for 
selecting 4 microns than any other point, largely on the 
basis of the absorption of water vapor in the air, of glass, 
and of the previously mentioned departure from visibility. 

Infrared radiation of some type or quality exists with 
any object at a temperature higher than its surroundings. 
Conventional convection ovens provide a considerable 
quantity of heat transfer by radiation from heated walls. 
The higher the temperature of the oven, the greater per- 
centage of its energy is transmitted in this manner. It may 
be worth repeating that there is no commercial oven or 
furnace which is wholly radiant or wholly conductive al- 
though fairly wide differences in percentages of each are 
involved. 

The earliest commercial lamp installation involved the 
carbon filament lamp at approximately 2,000 degrees 
Kelvin and gave impetus to a commercial industry 
largely for two reasons: First, the high temperature of the 
filament permitted it to be of small mass which not only 
made control by the use of reflectors practical, but also 
introduced the relatively instantaneous response to im- 
pressed voltage changes. Second, because of the charac- 
teristics of the radiation, the source itself did practically 
no air heating, since almost 75 per cent of its energy was 
radiated in the region below 3 microns (83 per cent at 2,500 
This made it practical to enclose it 


degrees Kelvin). 


“NEAR” INFRARED < 4 MICRONS 


“EAR” INFRARED > 4 MICRONS 


COMMERCIALLY USED BAND 


Figure 1 (right). Presently fo) 100 


used frequencies 
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WAVELENGTH-MICRONS 
Figure 2. Relative infrared transmissions 


* Variable with water vapor and carbon dioxide content 


in a glass enclosure which protected the source from 
serious convection loss. For manufacturing and procure- 
ment reasons as well as a longer useful life, the principal 
commercial source was shifted to the tungsten filament at 
2,500 degrees Kelvin which is still mainly being employed 
today. 

The principal drawback to the use of lamps developed 
from the relative fragility of a glass bulb and its limited 
resistance to mechanical and thermal shock. ‘These weak- 
nesses, Which are not too serious when given due profes- 
sional consideration, were greatly exaggerated by the mis- 
leading apparent simplicity of application. Many people 
built their own so-called ovens, utilizing materials at hand 
and guided by little or no experience. Under these cir- 
cumstances, the failures of lamps were sometimes quite 
pronounced, both from the standpoint of accomplishing 
the end result and also from the standpoint of showing any 
appreciable life. Misadventures of this sort turned the 
thoughts of many users to the more rugged, nichrome ele- 
ments in ribbons, coils, or encased in metal tubes. Pre- 
liminary investigations indicated that these sources would 
do most of the jobs that the lamp would do and were defi- 
nitely more rugged and resistant to thermal strain. While 
they introduced these advantages into the oven, they also 
introduced some disadvantages. First, due to their much 
greater mass, they were no longer immediately responsive 
to voltage control. Second, because of their longer wave- 
length characteristics, they were partly air heaters with 
some resultant loss in operating economy and it became 
desirable to take that factor into consideration in oven 
design. ‘Third, because of being air heaters, they required 
time to bring an oven to stability. Similarly, they were 
not quick to collapse or decrease rapidly in temperature 
in the event of shutdown and consequently, presented some 
danger of overbake in the event of accidental stoppage. 
Fourth, they were not readily available in a range of inter- 
changeable wattages for general equipment and _ conse- 
quently did not lend themselves to the degree of zoning 
possible with lamp ovens. This objection was overcome, 
at least in part, by the use of interval timers. Because of 
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5 


the inherent lag 


practical effect of varying the ap- 
parent rating of the element. While 
this method of control also modifies 


source and slightly shifts the ratio of | 
radiated to convective output, it is 
not generally a major detriment. 


first cost and a higher replacement 
cost, there developed some _ eco- 
nomic resistance to widespread use. 

One or two other properties might 
be examined at this point. The 


first relates to the relative absorp- — 


tivity of different materials when ir- 


in temperature | 
change in the element, intermittent | 
or percentage operation had the} 


the effective color temperature of the | 


Fifth, because of a currently higher | 


radiated at different frequencies. The — 
absorption points of some materials — 


are shown in Figure 2. It will be seen that the majority 
of them fall beyond the 4-micron point. Therefore, equip- 
ment designed specifically for first pass absorption on these 
materials probably should be operated at color temperatures 
in excess of this point, which makes them probably essenti- 
ally black sources, that is, sources with little or no visible 


radiation operated at color temperatures in the vicinity of | 
A modification of | 


600 to 700 degrees Kelvin or lower. 
this apparently clear-cut solution is that where the relatively 
transparent material is backed with a reflector permitting 
several passes of radiation back and forth through the mate- 
rial, the equivalent net absorptivity may be obtained with 
sources of much higher color temperatures—even including 
2,500 degrees Kelvin. Similarly. where this is not feasible, 


BLACK BASE 
METAL 


TEMPERATURE- DEGREE F 


FILM DEPTH—=INCHES 


Figure 3. Temperature gradients of radiated paint films 
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it is often possible to run multiple 
passes of the same material in the path 
of one radiating source, which pro- 
-ducesrelatively the same effect of high 
absorptivity in the short-wave range. 
Since a great proportion of the 
commercial installations of infrared 
are for the purpose of processing 
paint films on metal surfaces, it is in- 
“teresting to study the relative effects 
of high- and low-temperature sources 
on these films. To date the writer 
knows of no practical method to 
read accurately the temperature 
gradient across a 3- or 4-mil-thick 
film of paint. It has been possible 
to determine the percentage of trans- 
mission at various depths and to de- 
termine the relative absorptivity of 
‘different types and colors of pig- 
ments. Since clear varnish films 
transmit most of the radiation in 
thin films but absorb essentially all 
of it if a thick enough film is used, 
it is concluded that it might be 
possible to approximate thin film gradients by actual tem- 
perature measurements on a much thicker film. This 
conclusion introduces the error, however, of assuming that 
the thermal conductivity of the film near the surface would 
be similarly reduced which produces a quantitative error 
of some degree. It should not, however, affect the basic 
conclusion shown in Figure 3. This is of considerable sig- 
nificance because it illustrates that in this instance without 
exceeding a film temperature at any point in excess of 
176 degrees Fahrenheit, it is possible to process a film at an 
average temperature of 160 degrees Fahrenheit where a 
high-temperature source is employed, while with a source 
of low color temperature, a maximum film temperature 
at the surface of 220 degrees Fahrenheit would be required. 
At equal oven ambients, this would appear to indicate a 
surface convection loss 50 per cent greater in the case of 
the low-color-temperature source. It would indicate also 
that on a critical material, it would not be possible to proc- 
ess the film safely at as high a rate with a low-tempera- 
ture source as with a high-temperature source. Other 
data exist supporting the same conclusion. 

Other still lower temperature sources of various kinds are 
on the market, although none is as yet as widely used as the 
lamp. Among these is the low-temperature (500 to 600 
degrees Fahrenheit) panel of coated glass or of metal or of 
fiber glass plus nichrome wire. This type of unit provides 
a surface which is largely all heated in order to provide 
total intensity within the range of the other commercial 
sources. Inputs in the neighborhood of 2.5 kilowatts per 
square foot can be procured in some cases. Like all of the 
sources except the glass-enclosed types, they may be oper- 
ated as low in color temperature as desired. Like the 
metal element, they have considerable mass and conse- 
quently are slow to respond to controls. This, however, 
makes control by interval timer useful. 
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FAR” INFRARED 


WAVELENGTH-MICRONS 


Figure 4. Radiation ranges of commercially practical sources 


* Band not significant—for illustration only 


One of the earliest thoughts in connection with these 
wavelengths and one which was encountered frequently 
during the earlier days was the idea that a fundamental 
spectral frequency based on resonance or its heating equiva- 
lent existed for specific materials and that extreme efficiency 
could be developed by providing radiation of exactly this 
frequency. While there might be some truth in the basic 
speculation, it soon became apparent that with any known 
method of producing heat radiation, the possibility of re- 
stricting it to a narrow band existed only through the use of 
filters. Since this was a purely subtractive process, about 
the only practical approach that ever was developed was the 
use of ruby glass to filter out the small proportion of visible 
light from the short end. 

A study of the distribution curves reveals that for sources 
from 2,500 to 600 degrees Kelvin, there is a great degree 
of overlap between all temperatures represented. Thus, if 4 
microns were selected as the desirable frequency for a given 
operation, it would be found that all four sources here 
considered would yield approximately 5 per cent of their 
energy between 3.8 and 4.2 microns, and it would be neces- 
sary to waste 95 per cent of the radiated energy through 
some filter medium in order to achieve this type of distri- 
bution. See Figure 4. 

The matter of color differentiation has been a source of 
considerable study and a small amount of data concerning 
it is available. Like many other of these qualities, it pre- 
sents a steadily changing curve almost linear in form. 
The curve shown is supported by some laboratory data and 
may point the way toward a usable tool to pick out the par- 
ticular required span of ratios. Thus, it will be seen that no 
source is completely color blind, but becomes less color 
This finding is 
modified by another important physical law. It is funda- 
mental that any body totally surrounded by a 100-per-cent 


sensitive with increasing wavelengths. 
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reflective enclosure becomes a perfectly black body. In 
effect, this means that there is no difference in the effective 
absorptivity of a black object and a white object irradiated 
by waves of any length where the target and source are 
surrounded by a perfectly reflective sphere such as one 
gold plated on the inside. Thus, any difference between 
peak wavelengths disappears under these circumstances. 
It is, of course, not possible to duplicate this condition in 
practice but a definite approach in that direction can be 
made by having as large a percentage as possible of the oven 
interior reflective. In a long cylindrical tunnel, it is pos- 
sible to approximate as high as 80-per-cent reflective walls. 
And under these circumstances, the span between color 
extremes becomes quite narrow. It readily may be seen 
by reference to Figure 5 that an oven with a 2,500-degree- 


NET OVEN REFLECTIVITY 


COLOR SENSITIVITY BLACK TO WHITE 


FOR VARIOUS OVEN NET REFLECTIVITIES 


PER CENT — TEMPERATURE RISE 


fe} 1000 1500 2000 
SOURCE COLOR TEMPERATURE- DEGREES KELVIN 


2500 


Figure 5. Interrelation of oven reflectivity and source color 
temperature on color absorptivity effect 


Kelvin source designed to provide a 70-per-cent reflective 
interior may have better color performance than an oven as 
high as 20-per-cent reflective, equipped with 930-degree- 
Kelvin elements. Since many of the ovens utilizing the 
lower temperature sources are built with little regard to 
reflective walls, it is apparent that designating such equip- 
ment as color blind is not factual. 

Nevertheless, while there are legitimate bases for utiliza- 
tion of these various sources, revolving around specific 
conditions, they introduce certain problems of oven con- 
struction which are worthy of thought at this time. Of the 
sources currently available, practically all may be operated 
over a fairly wide range of temperatures and corresponding 
frequencies. Thus an incandescent lamp in a glass en- 
velope may be operated safely at a filament temperature 
from 3,000 down to about 1,500 degrees Kelvin where 
the glass absorption commences to become excessive. 
The conventional 2,500-degree-Kelvin lamps may be oper- 
ated within the approximate range of 1,860 to 2,700 degrees 
Kelvin by varying the voltage impressed across them. 
This voltage may be modified by some form of voltage 
regulation or by series or series parallel connections. 
They may be satisfactorily controlled, in most cases, with 
interval timers. The fact that their immediate response 
to voltage change does not permit “smoothing out’ or 
averaging the source intensities is often compensated at 
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least in part by the product’s lag in response. Such control, 
generally operated between two voltage levels, rather than 
“on and off,” does not appreciably shorten lamp life or 
have other adverse effect. Below 1,100 degrees Kelvin 
and down to practically room temperature, open or 
sheathed resistors are available. Where essentially “far” 
infrared radiation is desired, heated panels which can be 
glass or metallic or fiber glass pads are available. They 
might be classified as the only predominantly “far” infrared 
sources of adequate intensities commercially available 
today. Resistance units may be operated at low enough 
temperature to meet this classification but require so many 
elements within a given area to provide sufficient intensity ’ 
that they become commercially impractical. Other cle- 
ments such as glass tubes containing resistance elements, 
fused quartz envelopes containing resistance elements, 
ceramic-coated resistance elements, and so forth are com- 
mercially available and exhibit some peculiarities of con- 
struction. They all, however, fall somewhere in the range 
shown on Figure 5 and provide performances corresponding. 
to their positions in the spectrum. ‘The two extremes cur-_ 
rently in use are represented by the 2,500-degree-Kelvin | 
lamp which has 91'/2 per cent of its radiation at wave- 
lengths shorter than 4 microns and hence might be classified 
as being 911/2 per cent a “‘near’’ infrared source and heating 
panels which at 600 degrees Kelvin have only 14 per cent 
of their energy below 4 microns and consequently are 86-- 
per-cent-‘‘far’’ infrared sources. Some common commer-— 
cial sources are given in the following tabulation: 


Degrees Less Than More Than 

Kelvin 4 Microns 4 Microns 
PilamenGla mips terre ojajete avert ola ee terete Dig SO ercceraeterete ci UP Tite ee et 8.5 
Samevat half voltagettjvin. 2 aera sae eee L B60 RAs esl ac4 83) 5 .Gisss.seee 17 
1,500-degree-Fahrenheit elements......... TL SOGO)Maomttnrers SA tabs scrape 46 
1,200-degree-Fahrenheit elements......... O30 en eer eee cS Ieee ists 58 
620-degree-Fahrenheit panels............. GOO. cccbtere tote 14 pecouts Bee 86 


Since the “‘near”’ infrared sources lose little of their radia- 
tion by absorption in the air, it follows that they are pri- | 
marily directly radiant units. Ovens designed for their use 
must, therefore, be governed by the cardinal rules of control 
of radiation, which are 


1. The highest percentage of oven wall reflectivity pos- | 
sible. 

2. Reflective distribution control for initial uniformity 
of impact. 

3. Since the air in such ovens is heated largely by the 
product, efficiency demands a minimum of turbulance and 
air movement, good housekeeping in operation. 


Ovens constructed for utilization of this source therefore 
will pay maximum attention to maintenance of proper 
reflectivity with no importance attached to the exterior 
or between-the-wall insulations in the conventional sense. 

On the other hand, ovens constructed for use with the 
“‘far”’ infrared sources which are predominantly air heaters, 
must take this fact into consideration to obtain comparable 
efficiencies. Thus the maintenance of a high ambient 
within the oven indicates a desirability of wall insulation 
and other forms of heat retention. Since a considerable 
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ortion of their function is still radiant, however, the factors 
of good housekeeping still must be present and to a lesser 
egree, radiation control is desirable. 
ee the qualities of the two general groups of 
infrared generators, the tabulation perhaps would resemble 
the following. 
_ Filament lamp (high-temperature) sources: 
1. Low mass of filament permits instantaneous re- 
‘sponse to control. 
4 2. Small physical size of filament permits efficient 
directional reflection. 
3. Lowest first cost and replacement cost. 
4. Little air heating permits quick starts and safe 
“shutdowns. 
| 5. 5,000 to 10,000 hours life. 
6. Absence of air heating losses usually permits higher 
operating efficiencies. 
7. More uniform temperature gradient through paint 
films provides a better quality product. 
8. Shortest safe cycles. 


Open or lower temperature source: 


1. Greater mechanical strength. 

2. Less color sensitivity. 

3. Greater resistance to thermal shock. 

4. 5,000 to 10,000 hours life. 

5. High percentage of surface heat on water dry off. 

6. Averages out well when using interval timer con- 
trol. 

7. -Absence of occasionally objectionable glare. 

8. Minimum space requirements. 


The foregoing examination of characteristics indicates 
that the commercial applications for which each source 
might be most suitable would be as follows. 

Filament lamp (high-temperature) ovens: 


1. Paint baking—best film gradients. 

2. Water evaporation—bulk quantities. 

3. Irregular products—easier radial and longitudinal 
zoning. 

4. Inflammable products—cloth, paper, and so forth 
—safety during shutdowns. 

5. Intermittent lines—safety during shutdowns. 

6. Shortest safe cycles. 


Lower temperature source OVENS: 


1. Surface water dry off. 

2. Light-sensitive materials (photographic and blue- 
print). 

3. Better efficiency on skin drying. 
Food products—where glass breakage is important. 
Glass and other transparent materials heating. 
Rugged operating conditions. 


Rae 


In summation, it may be said that infrared has established 
a definite and lasting place in industrial heating. It pos- 
sesses properties which are quite desirable in some instances, 
and it can compete successfully in many processes. The 
variety of generating sources is increasing and some 
valuable properties can be attributed to many of the new 
units. However, the lamp today remains the cheapest 
and most generally adaptable device for producing radiant 
energy and probably will maintain its position for some time 
to come. 


Crystals With Remarkable Memory Properties Developed 


Flat crystals, a few thousands of an inch thick with the 
unique ability to remember vast amounts of information, 
have been developed by Bell Telephone Laboratories. One 
such ferroelectric crystal half an inch square can store 
approximately 250 bits of memory for an indefinite period. 
Light amber-colored, these crystals are artificially grown 
from the chemical barium titanate. 

A few square inches of the crystals have a potential for 
information storage equal to many cubic feet of currently 
used apparatus. Hence the crystals may have profound 
significance in decreasing the space occupied by telephone 
switching systems. 

The memory crystals store their information in the binary 
code, consisting of only two symbols designated by either a 
‘yes’ or a “no.” Words, sentences, or a series of numbers 
can be coded by using a large number of these symbols. 

Coded information is fed into the crystals by the simple 
application of a plus or minus voltage, depending on 
whether a yes or no is desired. The information can be re- 


tained indefinitely in the crystal. 
When the crystal is read out, it simulates the human proc- 


ess of “bring to mind.” 
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Tiny crystals a few thousandths of an inch thick and a quarter of 

an inch square with remarkable memory properties have been 

developed. Note the fine electrodes which carry the information, 

in the form of electric charges, to the crystal. Circuits then inter- 

pret the stored charges in a millionth of a second, using but 
microscopic amounts of electricity 
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RC IMMOBILITY and arc reversal phenomena 

limit the use, affect the design, and dictate the test 
procedure required for aircraft circuit interrupting equip- 
ment using magnetic arc suppression. Laws of physics 
which earth-bound electrical designers use unquestioningly 
are found to require re-examination when applied to 
magnetic arc interruption equipment for use at altitude. 
It had been assumed for more than half a century that an 
electric arc, like any other conductor free to move in a 
magnetic field, would move in a direction determined by 
Ampere’s Law. ‘This assumption is valid, for all practical 
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purposes, for circuit breaking equipment operating at 
sea level. However, as the altitude is increased, an 
electric arc in a magnetic field may falter, stop, and finally 
reverse its direction of motion. 


Arc Immobility. Referring to Figure 1, an aircraft limit 
switch with an Alnico magnet located to produce a trans- 
verse field of 400 gausses in the contact gap was operated 
in an altitude chamber with provisions for photographically 
recording the results. In Figure 1 a discontinuity appears 
between 10,000 and 20,000 feet. The switch did not 
interrupt values around 1 ampere while interrupting values 
from 2 to 9 amperes. This disconcerting discontinuity 
in interrupting capacity was caused by arc immobility. 


Comment and Conclusions on Arc Immobility. There is 
agreement that arc immobility and reversal in a transverse 


magnetic field are the result of two opposing forces, on 
acting on the arc plasma or column to drive the arc in a 
normal direction in accordance with Ampere’s Law, an 
the other force acting in the opposite direction on the cath 
ode spot. Reference material does not provide any agree | 
ment on the causes of these phenomena. Therefore, the: 
following explanation of the discontinuity in the inter- 
rupting capacity of the switch in Figure 1 is proposed. | 

If the force acting on the arc column is assumed to b 
F=IXBXL where I equals the arc current, B equals the: 
total field flux acting on the arc column, and L equals 
arc length. It is apparent that decreasing J, the arc: 
current, or L, the arc length, would reduce this force 
tending to drive the arc in a normal direction. If such: 
reduction of the normal arc column driving force results 
in immobilizing the arc at some current value above the 
interrupting capacity of the simple switch gap, it is obvious: 
that a discontinuity in the maximum current interrupting 
capacity of the switch characteristic would appear. For 
example, referring to Figure 1, we may regard the lower: 
limit of the discontinuity, the line from 10,000 feet and! 
3/4 of an ampere to 23/, amperes at 50,000 feet, as: 
representing the arc interrupting capacity of the switchi 
gap without magnetic arc suppression. The upper limit: 
of the discontinuity represented by a line from 10,000 feet: 
and 1 3/, amperes to 21,000 feet is roughly the boundary’ 
at which magnetic arc suppression starts to be effective: 
because the increased J has increased the forces acting on. 
the arc column sufficiently to produce arc motion in a 
normal direction. 

Small gap arc immobility and transient arc immobility, 
considered at some length by Sake Yamamura, are: 
explained easily once the concept of the critical nature of | 
arc length is understood. Both of these phenomena are 
the result of low normal-direction driving forces on the arc 
column due to its short length. It is obvious if the driving 
force on the arc column is F=7XBXL that L, the arc 
length, must reach some substantial value before the 
driving force on the arc column is sufficient to produce. 
motion. The time interval, then, between the start of 
switch opening and the time the arc length is sufficient to 
produce effective arc column driving force is the “Transient 
Immobility Time” noted by Sake Yamamura in the Jour- 
nal of Applied Physics, March 1950. 

It is suggested that improved performance of aircraft 
switches and relays incorporating magnetic arc suppression 
may be achieved by designs concentrating the magnetic 
field on the arc column and/or shielding the cathode surface 
from the magnetic field. 
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Engineering Safety Into Electric 


Equipment 
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miei 


e ANY improvements 
f | V have been made over 
> the years in the ma- 
-chinery used in the textile 
industry in order to im- 
< . 

_ prove the quality of the 
product, increase production, and reduce the cost. The 
electric equipment associated with the textile machinery 


ss Soe 


Se 


also has been greatly improved in many ways but in- 
sufficient attention has been given to eliminating the fire 
hazard which is inherent with most electric equipment. 


FIRE LOSS EXPERIENCE 
Ww" ELECTRICITY first was used in the textile industry, 


simple too as compared with equipment in use today. 


Such requirements as variable speed, easy starting, quick 
stopping, or co-ordinating the speed between sections had 


to be accomplished through mechanical means. Today, 


however, electric motors and controls are available that 


will perform readily and satisfactorily all of these functions. 


They are however more complicated in many instances 
than the early equipment and much greater in number 


because of the general use today of individual drives. 
This increase in the complexity and quantity of electric 


equipment in occupancies where highly combustible 


materials are handled or processed naturally has caused a 


considerable increase in fires due to electrical causes. 


It is obvious that every precaution should be taken in 
such areas to guard against all sources of ignition, yet 
fire after fire continues to occur, originating in the same 


type of electric equipment and for the same reason. In 


many instances those in charge continue to accept the 
fires as a matter of course, a necessary evil, and do little 
or nothing to prevent a repetition. After each fire the 
damage is cleaned up and repairs made to the electric 
and the same device or another of exactly 
with little 
if any constructive thought being given to changing the 
design or location or applying some other reasonable 
The solution however does not 
always lie wholly in the hands of the owners because, in 
many cases, they often are doing the best they can with the 
equipment that is available without going to unreasonable 


equipment 
the same type is installed in the same old way, 


loss-prevention measure. 


expense. 


The following statistics on fires in cotton mills for the 
10-year period 1940-1949 show that there is a definite 
need for improvement in the electric equipment used in 


Full text of a paper presented at th 
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Fire hazards in textile factories are scrutinized 

and suggestions are presented to improve the 

electric equipment and therefore achieve safer 
and more trouble-free installations. 


the motors were merely a means of driving the 
machines and they and their controls were relatively 
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textile plants and the method 
of installation. These statis- 
tics cover only those fires 
for which claims were made 
and which occurred in 
plants insured by the Asso- 
ciated Factory Mutual Fire Insurance Companies. Many 
other fires occur which are of a minor nature and the losses 
are too small to bother with making a claim. Some of 
the larger mills have a policy of making no claims for 
compensation unless the loss exceeds $50 or $100 or some 
similar amount which has been decided upon. If these 
fires were known and included in the statistics, the record 
without doubt would be much worse than it is. Also, if 
similar statistics were available on fires in those other 
cotton mills which are insured by other companies the 
results would be even more impressive. Furthermore, 
it is important to remember that the Factory Mutuals 
insure only the preferred class of risks and the loss record 
in those plants that do not qualify as preferred risks is 
probably much worse. 

All fires in cotton mills for which claims were made to 
the Associated Factory Mutual Fire Insurance Companies 
between 1940-1949: 


— = 


No. of Property Use and Oc- 

Occupancy Fires Damage  cupancy Loss 
Opening and picking.......-+++++s+++e005> 3 Ao Strate $ 990,000..... $102,000 
Carding through weaving......+-++++++-s++> SAS orcas 1,055,000..... 160,000 
Finishing (includes napping and drying)...... @elSa5 500 703,000..... 170,000 
Storage, .ciciccie cee nil + «ire elejajanielooiajs +\aisiniois BO Aa eats 1,430, 00055... 2,000 
AVe talteicie.ciotele estate « art ielobe Hi etelateleteteeratereleyts Hg 91 Obs atete)= $4,178,000..... $434,000 


Referring to Figure 1, the fires which occurred in the 
major cotton processes are broken down further to show 
the various causes of fires in each process and the number 
in per cent caused by different classes of electric apparatus. 


ELECTRICAL FIRE CAUSES 


WILL BE NOTED that electrical and friction fires pre- 
dominate in all manufacturing processes except the 
Opener-Picker process. ‘The need for more attention to 
the electric equipment in most of the manufacturing areas 
is apparent. In the Opener-Picker process only 5 per cent 
of the fires were due to electrical causes and it is believed 
this is largely the result of the special efforts of our in- 
spectors since 1940 to obtain improvements in the electric 
installations in these areas because this has been recognized 
as a particularly hazardous location. In the other proc- 
esses the proportion of fires due to electrical causes varied 
from 23 to as much as 47 per cent. 
Most of these electrical fires were the result of poor 
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installation, improper or inadequate maintenance, abuse 
and misapplication or, in other words, poor engineering. 
For example, it has been the practice, until the advent of 
fluorescent lighting, to use unprotected incandescent lamps 
throughout most of the cotton mills regardless of the degree 
Whether they 
were in fixed ceiling units, pipe pendents, or cord pendents, 
if the lamp broke due to vibration, or to being accidentally 
struck, a fire frequently followed because the arcing or 
hot filaments ignited surrounding lint or loose cotton. 
unsafe type of installation never should have been made in 


of hazard involved in the different areas. 
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heating of the contacts. 
circuit due to ionization within the enclosure, then the 
cover is blown open and surrounding combustibles are 
ignited. Occasionally the switch is mounted where it is 
exposed to severe vibration and the contacts burn, parts 
loosen up, and short circuits develop. 
netic-type starters a wad of lint may accumulate on the 
armature of the magnetic contactor and prevent a good 
contact when the contactor is in the “closed” position 
This may result in overheated contacts or single phasing. 
Unused open knockouts and holes for mounting purposes 


| 
the first place in the very 
linty locations. Today whem 
incandescent lamps are plan 
ned for such locations he 
vaporproof type of foxtung 
which has a heavy glass globe} 
surrounding the lamp is regi 


ommended and in some casess 
even a Class JJ Group G light 
ing fixture may be necessary.. 
The increased. use of fluor- 
escent lighting equipment is} 
helping this situation also. 

The chart shows that a 
large percentage of the elec-; 
trical fires are due to defects} 
which develop in the wiring,, 
switches, and motors. Most? 
of the fires due to wiring de-- 
fects are the result of short: 
circuits which develop when. 
flexible metal conduit shakes; 
loose from its connections or’ 
is pulled loose by careless em-; 
ployees or becomes oil-soaked 
from oil dripping off the: 
machinery. Wiring in rigid: 
conduit also produces its share | 
of fires when exposed to oil, 
moisture, abuse, and inade- 
quate maintenance. 

Switches and fcontrollers 
cause many of the fires be-) 
cause for the most part they 
are not lint-tight. The en- 
closures for such equipment 
are usually the National Elec- 
trical Manufacturers Associa- 
tion (NEMA) Type 7 general- | 
purpose enclosures which 
are definitely not lint-tight. 
After a switch has been in 
service a short time in a tex- 
tile plant processing combus- 
tible fibers, lint begins to ac- 
cumulate in the interior. 
This gets on the contacts and 
in the mechanism, and event- 
ually it is ignited by arcing or 

Sometimes this results in a short 


In the case of mag- 
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SA 


the sides and backs of the enclosures for switches and 
controllers are another source of trouble. They permit 
int and dust to enter and sparks and flames to escape. 
Knockouts of the concentric and eccentric types also 
cause trouble. Frequently while removing the smallest 
‘knockout the larger punchings are loosened or distorted 
“so that they are no longer tight. This may affect the 
“continuity of the grounding system as well as permit the 
entrance of lint and dust and will not confine sparks or 
flames to the enclosure. 

Many of the unused knockouts in switch enclosures 
_unintentionally are removed or loosened by employees 
‘idly tapping them with a hammer, screw driver, spindle, 
_or any other object they happen to have in their hands as 


AE ERE 


> 


“they pass by. 
_ The thermal-type overload relays in the motor starting 


, 


switches are a source of trouble too. 


Frequently these 
are missing altogether, sometimes they are jumped, occa- 


sionally they are too large and misapplied in other ways. 
_ For example, some starters are used in group installations 


‘which are not designed for such applications. Conse- 


quently, when a short circuit occurs, the thermal overload 
_ device may fail because the branch circuit fuse is too large 


and the switch is destroyed as a result. 


Starters designed 
for group installations may be protected with fuses larger 


_ than four times the full-load rating of the motor with which 


they are used according to the National Electrical Code, 
but ordinary starters may be protected with fuses not larger 


than four times the motor current rating. 


Fires caused by the motors are mostly due to overheating, 
resulting from overloading or clogging with lint and 
foreign materials, single phasing, and short circuits caused 
by failure of the insulation on the windings due to saturation 
with oil and moisture. 


ENGINEERING CONSIDERATIONS 


i THE PAST it has been general practice with most of the 
textile machinery manufacturers to furnish their 
machines without the motors and controls, leaving it up 
to the mill to supply this equipment. Some mills also have 
insisted on furnishing and installing the electric equipment 
themselves even though the machinery manufacturer 
normally did supply this apparatus too. This was due to 
several reasons. Some mills had standardized on certain 
makes of apparatus and those which would have been 
supplied by the machinery manufacturer were of a different 
make. Others felt that it would be less expensive to buy 
the necessary equipment and install it themselves or they 
had spare equipment on hand or an opportunity to buy 
some used apparatus which they believed would be suitable. 
Occasionally the purchaser had a friend or relative in the 
electrical business, through whom he could effect a sub- 
stantial savings or to whom for reasons of his own he pre- 
ferred to give the business. 

Experience has shown that this practice is frequently 
the most expensive in the long run and has resulted in 
difficulties of many kinds to all concerned. Fires also 
have occurred because the electric equipment selected was 


unsuitable. ; 
In order to be sure that the proper equipment 1s selected, 
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the basic physical constants of the machine must be known 
as well as the characteristics required in the electric equip- 
ment to afford continuous trouble-free operation. Too 
often the purchaser as well as the salesman is not suffi- 
ciently well informed of these details to make the proper 
selection. There are times too that a salesman, in his fear 
of losing a sale to a competitor, will sell a less expensive 
device that is not entirely suited for the purpose, which 
may get by for a while, rather than a more costly device 
especially built for the machine and the conditions of 
operation. 

It is not enough to know that the motor selected to drive 
a machine should be rated at a certain horsepower, voltage, 
and speed. There are numerous other factors that must 
not be overlooked in making the proper application if 
long trouble-free life with the minimum of maintenance is 
to be expected. For example the speed torque charac- 
teristics of the motor selected should be known. A Class 
B squirrel-cage motor gives a “hammer-blow” start and 
accelerates rapidly, so naturally it cannot be applied to a 
machine where the repeated starting shocks are likely 
to result in excessive wear or mechanical damage. Slow 
start and controlled acceleration is necessary to eliminate 
starting shock in many cases, although spinning frames, 
combers, pickers, and opening machines are stil] started 
at full voltage using a squirrel-cage motor with high 
starting torque, with little if any trouble. Wool and 
worsted spinning frames, spoolers, roving frames, twisters, 
reels, and many other machines, however, usually require 
a slow or controlled acceleration. Some starters are ar- 
ranged with a resistance in the supply line which is grad- 
ually cut out as the motor nears its top speed and allows 
the machine to be started slowly and smoothly, without 
other mechanical means, such as slip clutches, to prevent 
starting shock. 

Woolen cards also require a smooth start, but due to 
the static friction they need, in addition, a very heavy 
torque to get them moving. This heavy torque must be 
applied gradually, however, because of the settings between 
the workers and the card cylinders being so close. Other- 
wise damage may result due to springing of the shafts 
and the card sides. Special controls and motors are avail- 
able which will start and accelerate these machines with 
ease and with little if any trouble over the years. 

Where frequent stopping and starting is required, the 
proper motor must be selected in order to prevent the high 
current and excessive losses during starting causing the 
windings to overheat. Class D squirrel-cage motors should 
be used for such conditions as the starting current is ap- 
proximately only half as much as that of the Class B and 
C motors and the starting torque is 50 to 100 per cent more. 
Overheating of the motor is thus prevented because the 
heating varies as the square of the current. Therefore, if 
the starting current is reduced by one-half, the heating is 
reduced by a quarter. 

These are only a few of the factors which must be con- 
sidered to apply intelligently a motor and its control to a 
textile machine. It is obvious that a detailed knowledge 
of the characteristics of the machine and the electric 
apparatus is essential if trouble is to be avoided. 
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When a motor or its controls fails due to misapplication, 
the production of the machine which it drives ceases until 
repairs or replacements are made and many people are 
affected. The operators, if they are on piece work, are 
disturbed because they may suffer a monetary loss; the 
supervisor is required to explain to management why the 
production of his department is down; the electrician and 
the plant engineer are criticized because they are supposed 
to keep the wheels turning; and a customer may be lost 
because his order was not filled at a specified time. The 
electrical manufacturer is criticized because his equipment 
would not stand up, and reflections are cast upon the 
machinery manufacturer because his machine was involved. 

If fire follows a breakdown in the electric equipment, as 
it does frequently and as attested by the loss record, it is 
not always confined to the unit in which it originates. 
Too often it spreads beyond this device and involves other 
machines and equipment in the same area and the physical 
damage and loss of production are greatly increased. All 
of this trouble could have been avoided by the proper 
application of the electric equipment at the beginning. 

As mentioned previously the mechanical and electrical 
characteristics of the machine and driving equipment are 
most important and should be integrated properly by 
those who are best qualified to do so. Some of the larger 
mills have adequate engineering staffs fully qualified to 
perform work of this nature, other mills do not and they 
would be well advised to seek the advice of the textile 
machinery and electrical manufacturers before installing 
such apparatus. ‘The fire insurance companies also should 
be consulted to be sure that the proper equipment is being 
furnished from the fire standpoint as well. Much of the 
equipment installed in the past has been perfectly satis- 
factory except from this latter viewpoint. Typical of this 
is the continued practice of many mills of using standard 
open motors for nearly all applications. In areas where 
there is little or no lint involved, this type of motor will 
give good service with reasonable attention assuming that 
it is otherwise properly applied, but in areas where there 
is a large quantity of lint normally present the same motor 
will require considerable maintenance to keep it clean 
and free of lint and in good condition. Sparks from a short 
circuit in the windings, or failures due to overheating re- 
sulting from clogging of the ventilating passages, friction 
due to accumulation of lint inside the motor, and so forth, 
usually result in a fire. For these very linty areas it would 
be far safer to use the specially built textile motor with 
smooth windings and large air passages designed so that 
the lint will blow through the motor and not accumulate 
within it. The totally enclosed motor is the preferred type 
to use because the fire hazard is practically eliminated and 
the maintenance is much reduced. Unfortunately, how- 
ever, the totally enclosed motors are commercially available 
only in sizes up to and including 15 horsepower, and 
above 3 horsepower the frame size is often too large for the 
particular application. 

Dripproof, splashproof, and totally enclosed fan-cooled 
motors are not suitable for linty occupancies as they do 
clog easily and require a good deal of maintenance to keep 
them operating satisfactorily. Despite these difficulties 


they are frequently installed in such locations and trouble 
generally follows. | 

Some thought is being given today by the electricai 
manufacturers to extending the line of totally enclosgy 
nonventilated motors to include some of the larger sizes3 
In fact some already have been built with special meamy 
being provided for cooling purposes. The fire insurance 
companies fully endorse this line of thinking as the increaseq 
use of enclosed nonventilated motors in the textile industr 
unquestionably will improve substantially the loss recor 
and from the buyers’ viewpoint will reduce the maintenance 
requirements and minimize the interruptions due to windy 
ing failures and other motor troubles. 

Most of the switches and motor controllers installed in 
the past in cotton mills and other textile plants have been 
equipped with NEMA Type 7 general-purpose enclomall 
Obviously these are not lint-tight and never were intended) 
to be, but because the only other available enclosures} 
which could be considered lint-tight were more expensive, 
some excessively so, they were rarely installed. These} 
enclosures are designated as the NEMA Type 7-A Semi 
Dust-Tight, Type V Dust-Tight, Type /X Dust-Tightt 
Extra-Hazard Locations, and Type X/I Special Services 
Dust-Tight. The semi-dust-tight designation of the Type 
7-A enclosure is actually misleading because for some 
applications they may be provided with ventilating open- 
ings which would permit the entrance of lint, and conse 
quently they would not be suitable for very linty occu-. 
pancies. Furthermore, they were not available for all 
types of starters nor for all sizes. Under the conditions, iff 
a lint-tight enclosure were desired it would have had to 
be, until recently, one of the much more expensive types,. 
such as the V, ZX or XII and, because of the excessive? 
costs, the mills usually ended up by installing the general-- 
purpose enclosures. 

Acknowledging the need for a better enclosure for loom: 
switches than the Type 7, which has contributed to so) 
many fires, one of the electrical manufacturers several 
years ago redesigned his loom switch and provided it with) 
a lint-tight enclosure. This was the result of the co- 
operative effort of engineers representing the machinery 
manufacturers, the electrical manufacturers, and the fire 
insurance companies. ‘The switch was produced at a 
moderate additional cost, but despite this it has been so 
well received by the textile industry that several other 
makes with satisfactory lint-tight enclosures are now 
available. 

Unfortunately lint-tight equipment is available at 
reasonable cost for only a small percentage of all the 
electric apparatus that is used in those areas where com- 
bustible lint or fibers are present in dangerous quantities. 
Combination-type starters are available with NEMA 
Type 7-A enclosures which are a decided improvement over 
the Type 7, but these may not be entirely lint-tight because 
of the openings in the cover for the overload reset buttons. 
The concept of lint-tight enclosures for all electric equip- 
ment in linty occupancies is undoubtedly the most practical 
approach to eliminating most of the troubles which have 
occurred in the past in these areas. Some progress has 
been made in this direction but much remains to be done. - 
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In keeping with the trend today of various manu- 
cturers furnishing a complete ‘“‘packaged unit” to the 
purchaser, some of the textile machinery manufacturers 
are supplying a completely integrated machine which 
includes all the associated electric equipment so that the 
buyer only need bring the electric circuit to the machine 
and connect it to the controller to place it in operation. 
If the proper type of electric apparatus is provided initially 
_and it is installed and wired in a safe manner at the builder’s 
E factory, many of the problems described previously when 
3 the electric equipment was purchased and installed sepa- 
_tately by the purchaser will be overcome. This practice 
_ has the additional advantage from the purchaser’s viewpoint 
in that it places the entire responsibility on the machinery 
_ builder. The latter will not object to this because he is 
not going to install equipment that will require frequent 
servicing and it will eliminate many of the service calls 
he has to answer today for which he actually has no re- 
‘sponsibility. Packaged units will help the purchaser too 
in that he will be able to standardize on all the equipment 
_ which he uses. 
At the present time the AIEE Subcommittee on the 
_ Textile Industry is endeavoring to develop standards for 
the enclosures that will be acceptable to all concerned. 
Tentative specifications have been prepared and were 
published a little over a year ago in trade journals and 
work is also underway at the moment with the assistance 
of some of the textile machinery builders in preparing 
standards for a composite enclosure that will incorporate 
all the desired features of safety and reliability and will fit 
readily into their manufacturing processes. 

The use of lint-tight equipment should not necessarily 
be restricted to cotton mills or similar occupancies where 
the lint and fibers involved are readily combustible. It is 
also good practice to follow in those other types of textile 
plants where the fibers are not so combustible. By keeping 
the interior of the enclosures clean and free of dust and lint 
at all times, the equipment will last longer and give less 
trouble, the cost of the maintenance will be reduced, and 
losses due to interruption to production because of electrical 
breakdown will be held to a minimum. 

It is recognized that the degree of fire hazard in textile 
occupancies varies with the combustibility of the fiber, 
the amount of lint produced by the particular process, 
and the form and amount of stock in process (for example, 
laps, roving yarn, cloth). Accordingly, more care must 
be used in the selection and installation of electric equip- 
ment in some occupancies than in others. To assist in 
determining the degree of hazard as a guide to the installa- 
tion of the proper electric equipment the Factory Mutual 
Engineering Division has prepared Table I which is in- 
cluded in their rules for “Electrical Installations, Textile, 
Carpet, and Cordage Plants.” This table divides the 
occupancies into two major divisions, Extra-Hazard 
Operating Areas and Moderate-Hazard Operating Areas, 
which are determined by the nature of the process and the 
combustibility of the fiber. 

After determining from Table I whether the occupancy 
in question is an Extra-Hazard Operating Area or a 
Moderate-Hazard Operating Area the proper type of 


SEPTEMBER 1953 


Hedlund—Engineering Safety 


electric equipment that should be used (that is from the 
fire standpoint) may be selected readily. 

Briefly, the electric equipment in these areas should be 
installed in the following manner. 

In general the wiring should be in rigid metal conduit, 
except that electric metallic tubing is acceptable in the 
Moderate-Hazard Areas unless it is subject to severe 
vibration, corrosive conditions, or exposed to severe me- 
chanical abuse. On machinery or other places where 
vibration may cause trouble, flexible cord with a tough 
oil-resistant jacket such as Type SO or ST should be used. 
Watertight-type connectors should be used with the cord 
for attaching to the various devices. 

Where the wiring is exposed to oil drippings, the insula- 
tion should be oil resistant. If a flexible metal conduit 
is desired, there are several makes available which are 
provided with a synthetic oil-resistant jacket. Water- 
tight connections also are recommended for use with this 
conduit and stranded wires should be used if vibration is a 
problem. 


Table I. Classification of the Fire Hazard of Various Fibers and 


Processes 


Fibers 


A B Processes 


Easily Ignited, 
Readily Combus- 
tible, Produces 


Not Readily Cc D 
Combustible, 
Produces Little 


Considerable Lint Moderate Lint 


Lint Freely or No Lint Production Production 
Cottonteper.ccas rer Hemp*...........- Opening......----++-- Ring spinning 
hax tee sacri Mohair...........-Picking......-.++---- Twisting 
die smact- coco oes Nylon (staple).....- Blending. .:.......-+- Warping 
Kapok. onsite Rayon (acetate....Carding.....--..--+ Spooling 
staple) 
Orlon (staple)..... Silk Anion ieee Drawing, _lapping,. . Beaming 
and combing 
Ramices se streercmine Sisal tiger cee cet Roving operations. . . .Slashing 
Rayon (viscose..Wool.....-.++++++: Mule spinning.......- Weaving, plain and 
staple) dobby 
Fibers similar to..Fibers similar to. .Heavy twisting........ Jacquard weaving of 
any of the above any above continuous filament 
Rope, burlap,...c..cccscesseneees Jacquard weaving of. . Shearing 
bagging, wool staple fibers 
shoddy and 
similar waste 
fibers to be re- 
worked 
Plush weaving.......- Knitting of continuous 
filament 
Carpet weaving......- Singeing 
Napping......-....++ Printing and calender- 
ing 
Garnetting 
Waste recovery and 
handling 


Lap storage 

Fiber stock bins 

Bat making 

Knitting of staple 
fibers 

Drying 

Flock printing 


Extra-Hazard Operating Areas are those where Fibers A (either alone or in blends 
with each other or with Fibers B) are worked in Processes C, 


Moderate-Hazard Operating Areas are those where Fibers A (either alone or in 
blends with each other or with Fibers B) are worked in Processes D; or where 
Fibers B are worked in Processes C or D. 


Processes using continuous-filament fibers of rayon, orlon, nylon, vinyon, velon, saran, 
and silk do not produce lint and do not require special electric equipment. 


*Hemp and sisal though readily combustible produce little lint, 


Bus duct should not be installed in the Extra-Hazard 
Operating Areas but nonventilated lint-tight bus duct is 
acceptable in the Moderate-Hazard Areas. 


Tis 


All spark-producing equipment, such as controllers, 
switches, fuses, and circuit breakers should be in lint-tight 
enclosures, in both the Extra-Hazard and Moderate- 
Hazard Areas. Attachment plugs and receptacles should 
be of the type that either will break the circuit before the 
plug can be removed or confine the arc when the circuit is 
broken so that surrounding lint will not be ignited. 

Motors whenever possible should be of the totally 
enclosed nonventilated type. Otherwise the self-cleaning 
or lint-free types of textile motors should be used. Open- 
type nonsparking induction motors are acceptable only 
where there is normally very little lint or dust. 

Lighting equipment should be fixed ceiling or wall units 
or pipe pendant fixtures. Pipe pendants should have 
spring-supported hangers or swivel joints to reduce the 
damage if the fixture is accidentally struck. Incandescent 
lamps should be provided with vapor-tight or dust-tight 
globes or covers in the Extra-Hazard Areas and they 
should not be installed in fiber stock bins or dryers. Lamp 
sockets should be the heavy-duty keyless type. In the 
Moderate-Hazard Areas outer globes are not required for 
fixed overhead lights. Those installed under looms 
should have dust-tight or vapor-tight outer globes. 

Hot-cathode fluorescent lights are acceptable in the 
Extra-Hazard Areas provided the ballasts are enclosed 
and the upper part of the fixture enclosing the ballasts 
and the wiring has no openings in it whatever through 
which lint can enter or fire escape and the lamp starters 
are the type that will prevent the ballast from overheating 
due to the repeated attempts of the starter to light a de- 
activated lamp. In the Moderate-Hazard Areas ordinary 
open-type fluorescent fixtures may be used for overhead 
lighting. 

Oil-filled transformers should be located outside or in 
separate noncombustible vaults. The sealed dry-type or 
the askarel-insulated type may be installed inside but 
should not be installed in the Extra-Hazard Operating 
Areas. Ventilated dry-type transformers are not suitable 
for installation in areas where there are combustible lint 
and fibers normally present. 


yy 


| 
Great care should be given to the design and installatio) 


fire hazards inherent with the equipment. 
more apparatus of this type is being installed today, 
cause of the great savings that can be effected in time an 
labor costs and unless it is safely arranged, severe 
hazards can be introduced. 

This apparatus often incorporates bare-contact cor 
ductors with monorail-type conveyor systems. The co 
tact conductors preferably should be enclosed or other 
wise arranged so that short circuits and grounds will b 
unlikely to occur and two current collectors should be usec 
on each contact conductor to eliminate or reduce sparking 
at the collectors when they pass joints, rough places, lint 
or foreign materials on the contact conductors. Some 
electrically energized lap-handling systems and automati¢ 
cleaners for removing the lint from the monorails and unde1 
spinning frames and from overhead equipment and so forthi 
already have been installed using bare-contact conductors: 
A few fires have occurred from this apparatus but the 
record thus far is generally good, apparently because the 
cleaning systems do not allow the lint to accumulate. The 
sliding type of current collector needs periodic inspection 
so that it may be replaced before it becomes seriously worn! 
All switches and controllers should be provided with lint= 
tight enclosures. Where flexibility is needed at moto 
leads and so forth, heavy-duty oil- and moisture-resistant 
flexible cords should be used, such as type SO cord or the 
equivalent. | 

Hoisting motors should be arranged so that they cannot 
swivel more than 180 degrees. In one case the motor was 
permitted to turn 360 degrees and as a result the leads 
short-circuited and a fire occurred in baled cotton. 

The application of these fundamental considerations by, 
the textile machinery builder, the electrical manufacturer, 
and the purchaser when electric equipment is constructed: 
for or installed in textile occupancies cannot fail to produce 
a much more safe and trouble-free installation than 
generally has been provided heretofore. 
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Core Designed for Small Power Transformers 


A precut, preformed core for small power transformers 
that improves performance and reduces transformer size 
and weight has been announced by the General Electric 
Company. This core, made of oriented, cold-rolled silicon 
steel, provides greater flexibility in designing some of the 
important characteristics of a transformer. The losses, 
exciting current, noise level, weight, and dimensions can 
be varied to suit operating conditions. 

This is done by using a minimum number of joints, an 
annealing process which removes mechanical strains intro- 
duced when the core is formed, and a unique clamping 
structure, 

In manufacturing the core, cold-rolled steel laminations 
are Cut in progressively decreasing lengths by an automatic 
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shear and are then stacked into a ring. A hydraulic press 
forms the ring into a rectangular shape. After being se- 
curely banded in this shape, the core section is annealed in 
an electric furnace to fix its shape permanently and to 
remove strains. In the final assembly, two core sections 
are bolted together and supported in a special clamping 
structure designed to prevent strains on the laminations. 

The steel used in the cores, called Corisil, required the 
development of the low-strain efficient magnetic circuit of 
the preformed core to take full advantage in power trans- 
formers of the highly directional properties of this steel. 

These cores are used in Spirakore distribution trans- 
formers which are built in all single-phase ratings 5,000 kva 
and below. 
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THIS ANALYSIS APPLIES to magnetic-amplifier 
. circuits of the center-tap, bridge-type, or a-c variety. 
Such circuits are called amplistats, Magamps, trans- 
ductors, self-saturated magnetic amplifiers, and so forth. 
Figure 1 shows the circuit diagram of the center-tap 
_ connection. The amplifiers under discussion are of the 

so-called low control-circuit impedance type. In order 
__ to reduce the complexity of the analysis, many simplifying 
assumptions are made. While these assumptions introduce 
_ inaccuracies in the equations, the latter still serve effectively 
in establishing first-order relations among the variables. 


__A large part of the analysis is applicable to core materials 
whose dynamic B-H loop is not strictly rectangular, such 


as grain-oriented silicon steel. 

The load current J, consists of the exciting component 
I,,, and the saturation component I,,y and hence the 
control characteristic (Figure 2) can be synthesized of two 
components. 

Let ¢- denote the per unit control current 


I¢Ne 


ice 1 
” Helre/0.44 Wy 
and 7, the per unit exciting current 

Tz 
t_,=— 2 
ere (2) 


The per unit saturation component I,,./Lim becomes a 
cosine function of the control current (Figure 2A) and the 
per unit exciting current component Tine! Lin becomes a 
linear function of the control current (Figure 2B); ine 


(AG) 
TP 


Circuit diagram of center-tap amplistat 


Figure 1. 
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Square-Loop Core Magnetic Amplifiers 
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Figure 2. Synthesis of control characteristic. (A) Per unit 
saturation component of load current. (B) Per unit exciting 
component of load current versus per unit control current 


sum of both functions represents the control charac- 
teristic. With cores deviating from the assumptions, 
the control characteristic is unaffected in the vicinity of 
ic=—1, but the upper part of the characteristic may 
shift to the right or left. 

With reverse current present in the rectifiers REC, 
REC2, the control characteristic of Figure 2 becomes 
sheared to the right. 

The time constant is proportional to the slope of the 
curve in Figure 24; the time constant is inversely propor- 
tional to the exciting current t, of the saturable reactor. 
The ampere-turn gain and the dynamic power gain are 
inversely proportional to iz. ‘The power gain is inversely 
proportional to t,”. The dynamic power gain is inversely 
proportional to the coercive force H, of the dynamic 
hysteresis loop, and hence, inversely proportional to the 
width of the dynamic hysteresis loop. 


eee 
Digest of paper 53-284, ““Theory of Magnetic Amplifiers With Square-Loop Core 
Materials,”? recommended by the AIEE Committee on Magnetic Amplifiers and 
approved by the AIEE Committee on Technical Operations for presentation at the 
AIEE Summer General Meeting, Atlantic City, N. J., June 15-19, 1953. Scheduled 
for publication in AIEE Transactions, volume 72, 1953. 
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Branch-Circuit Overcurrent Protection 


for Appliance Loads 
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N ADDITION TO the overcurrent protection afforded 
| aes by component means in other articles in this 

series, it is necessary, for a complete understanding of 
the subject, to consider the important role of the branch- 
circuit overcurrent protection and its relation to the satis- 
factory performance of electrically powered appliances. 
Frequently, this protection, required by the National Elec- 
trical Code, is the only overcurrent protection ahead of the 
appliance. 

Throughout the United States and Canada it is a stand- 
ard requirement that branch circuits providing for the con- 
nection of either portable ap- 
pliances by plugs and outlets, 
or fixed appliances through 
permanent connection, be 
equipped with suitable over- 
current devices to protect the 
circuit conductors. Fortu- 
nately, in all of the many de- 
viations existing at the local 
level, there isno known relaxa- 
tion of the requirement for adequate branch-circuit over- 
current protection where circuits supply appliances. In 
view of this widely accepted practice, therefore, it devolves 
upon the appliance designer to inquire into the character- 
istics of the circuit to which his appliance may be connected 
and to explore the nature of the protection which is afforded 
thereby. 


GENERAL-PURPOSE LIGHTING AND APPLIANCE BRANCH 
CIRCUIT 


| ees TYPE OF CIRCUIT supplies lighting outlets and 
convenience outlets in industrial, commercial, and 
residential occupancies. It is rated 15, 20, 30, or 50 
amperes and no conductor of such circuit may exceed 150 
volts to ground, except for certain higher voltage lighting 
installations under controlled conditions and certain port- 
able appliance loads. The National Electrical Code (NEC) 
requires for dwelling occupancies that at least one such 
circuit of number 72 wire (20 amperes) be installed in the 
kitchen, laundry, and dining areas for the connection of 
appliances. Such circuits are in addition to those required 
by the code for lighting and electric appliances in all 
other areas. 

The circuits, most generally rated at 15 or 20 amperes, are 
required to have overcurrent protection equal, within ap- 
propriate tolerances, to the circuit rating. The protection 
may be, optionally, either plug or cartridge fuses of NEC 
dimensions or branch-circuit circuit breakers. These de- 
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Three typical branch circuits and their protec- 

tive devices are examined. These are the gen- 

eral-purpose lighting and appliance branch 

circuits, the special branch circuits supplying a 

single fixed appliance, and motor branch cir- 
cuits. 
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vices will protect the conductors of the branch circuit agains 
fault currents ranging from overloads to short circuits re 
gardless of whether the fault occurs between conductors or 
between a conductor and ground. 

To qualify for listing, branch-circuit protective devices: 
must comply with published ‘‘Standards of the Underwriters’! 
Laboratories,’ which, together with other requirements, | 
specify conditions of test for short circuit, and limits of per-. 
formance on overload. | 

According to these standards, a fuse shall be capable o 
carrying 110 per cent of its rated current indefinitely and| 
shall blow on 135-per-cent: 
rated current within 1 hour.. 
On 200 per cent of rating the: 
limit is 2 minutes for fuses; 
rated 0 to 30 amperes, and’ 
4 minutes for fuses rated 31. 
to 60: amperes. 

For circuit breakers rated 
50 amperes or less, the limits, 
are slightly different. A> 
breaker shall be capable of carrying 100 per cent of rated 
current indefinitely, and shall trip automatically on 125. 
per cent of rated current within 1 hour. On 200 per cent 
of rated current the limits are 2 minutes for devices rated | 
0 to 35 amperes, and 4 minutes for devices rated 36 to 50 
amperes. 

Since the rating of an appliance seldom matches exactly 
the rating of the branch circuit to which it is connected, 
it is apparent that separate provision must be made to 
handle the appliance overloads. However, because of the 
fact that the branch-circuit overcurrent device inherently 
has the capacity for handling fault currents of short-circuit 
magnitude regardless of whether the fault occurs in the 
appliance, the appliance connection, or in the branch- 
circuit conductors, the means provided for handling the 
appliance overloads need have only overload capacity, 
and therefore may be auxiliary in character. For this 
reason, the appliance overload device can be relatively 
simple and inexpensive and may be built into the appliance 
or provided as an accessory without undue complication. 
Care must be taken of course to make certain in all instances 
that the appliance overcurrent protection has the ability 
to withstand the high fault currents long enough for the 
branch-circuit protective device to clear the circuit. Quite 
Essentially full text of a conference paper presented at the AIEE Conference on Domestic 
Appliances, Louisville, Ky., April 22-24, 1953, and recommended for publication by the 


AIEE Committee on Domestic and Commercial Applications. Part II of a series 
Part I appeared in the August issue, pages 694-6. 
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naturally, the Underwriters’ Laboratories tests have been 


framed carefully to include checks for this condition. 
To minimize service calls, any necessary appliance over- 


load protection should be of an obvious nature, preferably 


of a readily resettable or replaceable type, and should be 


installed in an accessible location. 
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SPECIAL-PURPOSE BRANCH CIRCUITS 


IHESE CIRCUITS DIFFER from general-purpose branch 
circuits in that they supply specific appliance loads 

and therefore may have overcurrent devices selected on a 
basis of the full-load rating of the appliance. In a water 
heater circuit, for example, the branch-circuit overcurrent 
device may have a current rating only slightly above the 


‘full-load current rating of the water heater and in this 


_ way it is able to provide adequate overcurrent protection 
for both the appliance and the branch-circuit conductors. 


Similarly, ranges and other fixed appliances having 


‘straight resistance loads do not require, and seldom have, 


electric overcurrent devices that function on overload in 
the appliance. 


MOTOR BRANCH CIRCUITS 


W™ THE GROWING POPULARITY OF complete air- 


conditioning systems in the home the third type of 
circuit, or motor branch circuit, assumes particular signifi- 
cance. The code of course furnishes complete tables 
stipulating minimum conductor sizes, and maximum 
allowable ratings or settings of branch-circuit protective 
devices and devices designed to furnish motor running pro- 
tection for all general conditions. 

It also provides that motor branch-circuit overcurrent 
protection and motor-running overcurrent protection may 
be combined in a single overcurrent device if the rating or 
setting of the device complies with the provisions of Sec- 
tion 4322 of the code in respect to running overcurrent pro- 
tection. 

In the case of manually started motors rated 1 horse- 
power or less, and within sight from the starter location, 
the code additionally provides that such motor shall be 
considered as protected against overcurrent by the branch- 
circuit overcurrent device if the rating of this overcurrent 
device does not exceed the limit which is specified in the 
motor tables. 

For circuits involving motors the objectives in respect to 
requirements for safety are essentially the same as for other 
types of circuits, namely, the provision of adequate protec- 
tion against all conditions involving fault currents. For 
motor circuits, however, the problem is primarily concerned 
with the thermal co-ordination of the motor, its control, 
and the branch-circuit conductors and the prevention of 
excessive temperatures in these components. 

When the overload relay of the motor serves the dual 
functions of protecting both the motor and the branch- 
circuit conductors from operating overloads, the branch- 
circuit protective device may exceed within appropriate 
limits the size normally required for the protection of the 
conductors without in any way deviating from the general 


objectives. 
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When conventional one-time NEC cartridge fuses are 
used to provide the branch-circuit overcurrent protection 
in combinations similar to that described, they probably 
will be rated at about three, but not more than four, 
times the motor full-load current for across-the-line starting, 
in accordance with NEC Table 20. The ratio is about 
the same when regular thermal branch-circuit circuit 
breakers are used. Standard fuses are low in cost and 
replacements are available alinost everywhere. They are 
relatively fast on interruption, but are sensitive to overload. 
Circuit breakers of course are dead front, and have the ad- 
vantage of an integral disconnecting means. Caution 
always should be exercised in the application of circuit 
breakers which incorporate instantaneous magnetic trip. 

By using fuses having a built-in time-delay feature for 
overloads, the rating required to provide for starting usually 
will be lower than for the devices discussed in the foregoing. 
In some instances, this means also that fuses will be smaller 
physically, and when such is the case, it is possible to effect 
a saving in the cost of the installation by employing the 
smaller time-delay type together with appropriate fuse 
holders and fused disconnecting switches. 

If dual-element fuses are used for motor branch-circuit 
protection, the opportunity for size reduction is further in- 
creased. Because of their extremely long time delay these 
fuses more nearly match the motor characteristic and ratings 
may be selected that are very close to the actual full-load 
current rating of the motor. The rating and size reductions 
provided through their use have the effect of reducing melt- 
ing time on short circuit and increasing the factor of safety 
for this operation. 

Finally, with the introduction of the high-interrupting- 
capacity current-limiting dual-element fuse, opportunity 
is afforded for the protection of motor branch circuits 
in areas which were not heretofore covered by conventional 
means. 


SUMMARY 
1. Branch-circuit overcurrent protection, in some 
approved form, is a mandatory requirement on all branch 
circuits supplying appliances. 

2. Asa minimum requirement, the branch-circuit over- 
current device must be capable of protecting the circuit and 
its components against short-circuit currents and dangerous 
overloads. 

3. For fixed appliances having nominally straight 
resistance loads, complete protection is usually afforded by 
branch-circuit overcurrent devices meeting minimum 
requirements. 

4. Where motor-driven appliances are concerned it is 
usually necessary for complete protection to provide the 
appliance with an appropriate auxiliary means that oper- 
ates only on overload, selectively with an approved branch- 
circuit overcurrent device that provides short-circuit pro- 
tection. 

5. Approved branch-circuit protective devices having 
interrupting abilities considerably above those necessary 
for approval are available when required by unusual con- 


ditions. 
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IE BELL SYSTEM’s new JV7/ carrier system is a low- 
level cable carrier system providing 12 4-wire telephone 
channels in the frequency range of 44 to 260 kc. Because 
of its low levels, the V7 system is particularly susceptible to 
interference from other existing carrier systems with over- 
lapping frequencies and higher energy levels. 

The M7 and N7 systems are similar in that they are both 
double-side-band carrier-transmitted systems, using different 
bands of frequencies for the two directions of transmission. 
Figure 1 shows the frequency allocation of the two systems 
and indicates their relative transmitting levels. 

The loss in the M7 to N7 coupling path required to pre- 
vent excessive interference in the N7 channels is nominally 
about 125 decibels, depending on the level of the V7 chan- 
nels at the input to the high-group receive equipment. At 
these frequencies the M energy crosstalks to the N facilities 
on a longitudinal basis, and unfortunately the longitudinal 
loss through an office is rather low. When M7 equipment 
is pole-mounted on an open-wire line that feeds an office 
that contains V7 high-group receive equipment, it is ex- 
pected that the loss in the longitudinal MM to N coupling 
path will be about 15 to 30 decibels less than required, 
depending, as in the foregoing, on the input level of the 
N7 system and the length of the open-wire entrance cable. 

Since replacing the M7 systems with some other type of 
open-wire carrier system is costly, considerable effort has 
been directed towards the development of M7 carrier fre- 
quency suppression devices. It has been found that 
where the open-wire lead does not have more than three 
or four arms, and where the runaround paths that would 
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by-pass suppression units are not important, it is possibley 
to obtain economically the additional 15 to 30 decibels of 
longitudinal loss by means of suppression units. The: 
choice of the type of suppression unit is dependent on type: 
of facilities used on the open-wire line, since all frequencies} 
below the M7 band must pass through the suppression, 
units. Bell System suppression units have been designed, 
for voice-frequency and 30-ke carrier lines. When these: 
units are used in an open-wire line they materially i increase} 
the reflected near-end crosstalk of carrier channels oa 
above 30 kc. 

The F7700 filter was developed by an outside manu- 
facturer to the telephone company’s specifications in order’ 
to overcome the difficulties of operating high-frequency | 
carrier systems through M7 suppression units. The 7700) 
filter is a high-low pass filter with a cutoff frequency of’ 
175 ke. The mid-points of the shunt elements of the low-_ 
pass section are arranged for grounding in order to provide 
longitudinal as well as transverse suppression. 

In most locations where M7 to N7 conflicts exist, it will 
be possible to retain the existing 47 channels without inter- 
ference to the N7 systems by moving the M7 equipment to a 
place on the open-wire line where the runaround paths 
are a minimum and by placing the proper type of suppres- 
sion in the open wire between M7 equipment and office. 


Digest of paper 53-225, ‘“‘Co-ordination of M47 and N7 Telephone Carrier Systems,” 
recommended by the AIEE Committee on Wire Communications Systems and approved | 
by the AIEE Committee on Technical Operations for presentation at the AIEE Summer 
General Meeting, Atlantic City, N. J., June 15-19, 1953. Scheduled for publication 
in AIRE Transactions, volume 72, 1953. 
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TZ NOWLEDGE OF THE NATURAL frequencies of 
: air-core and iron-core coils and of transformer and 
generator windings is of essential theoretical and practical 
importance. The transient response of coils and windings 
‘subjected to impulse waves has been determined in the 
literature by two different methods, the “‘standing wave” 
and the “traveling wave” approach. The values of the 
‘natural frequencies enter into the analytical expressions of 
both these methods of calculation. 

_ A distributed winding has an infinite number of natural 
frequencies. In practice the knowledge of a limited, 
‘relatively small number of these frequencies is sufficient. 
‘It is convenient therefore to represent the distributed 
‘winding by an equivalent circuit of a finite but sufficient 
number of concentrated elements. The number of ele- 
ments to be used in the equivalent circuit depends upon the 
number of frequencies and upon the accuracy required. 


The following theorem holds: 


For any uniform winding of N’ elements (1<N ‘<5 ) 
there exists an equivalent circuit of N>N, (N,<N a 
elements such that the difference between the nth (n<JN,) 
natural frequencies is always e<e, that is, less than a pre- 
established value. 

The losses in the winding and in the capacitances, while 
they have considerable effect on the amplitudes of oscilla- 
tion, reduce the natural frequencies only by small amounts. 
It was assumed therefore in this study that the effect of the 
losses on the calculated natural frequencies could be 
neglected. 

In order to obtain correct values of the natural frequen- 
cies, it is necessary to include mutual inductances between 
all elements of the equivalent circuit. Thus there will 
be nine different mutual inductances M, to M, in a 10- 
element equivalent circuit. This can be seen in Figure 1 
where L is the self-inductance of each element and ¢, the 
capacitance to ground. 

This equivalent circuit was solved (1) by punch-card 
equipment and (2) by setting up an appropriate circuit 
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Figure 1. 10-element equivalent circuit 
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Natural Frequencies of Coils and Windings 


FJ. 1 MEA GAINES 


MEMBER AIEE 


200 


180 


160 


140 


(MEASURED) 


120 


100 


80 


FREQUENCY (KC) 


60 


40 


20 


ce) | 2 3 4 S 6 7 8 9 
HARMONIC ORDER 


Figure 2. Effect of mutual inductance on the natural frequencies 
of an air-core coil (M=number of successive mutual inductance 
linkages included in the equivalent circuit) 


on the a-c network analyzer. Both methods of solution are 
sufficiently accurate for practical purposes. The a-c 
network analyzer method is somewhat faster and changes 
in the circuit parameters can be made readily. 

Natural frequencies of a 1,800-turn coil with air and iron 
core were computed in this manner. The results for the 
air-core coil are shown in Figure 2 where curve 4 (computed 
values) should be compared with curve 5 (measured values). 
The first seven computed natural frequencies are in 
excellent agreement with the measured frequencies. 

Mutual inductance linkages usually are neglected in 
similar equivalent circuits of coils and windings described 
+n the literature. In order to establish the accuracy of 
such circuits, which lead to simpler calculations, the 
equivalent circuits were set up for the same air-core coil, 
(1) without mutual inductances, (2) with mutual induct- 
ances only between adjacent elements, (3) with mutual 
inductances between adjacent elements and between 
elements separated by one element. The results are shown 
in Figure 2, curves 7 to 3. It is clear that mutual in- 
ductances always should be included in the computation 
of the natural frequencies of coils and windings. 


Digest of paper 53-133, “Natural Frequencies of Coils and Windings Determined by 
Equivalent Circuits,” recommended by the AIEE Committee on Transformers and 
approved by the AIEE Committee on Technical Operations for presentation at the 
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Automatic Control System With Provision 
for Scanning and Memory 


INS Peay) OcGGNsG, 


N AUTOMATIC control 
l systems it frequently is 
desired to adjust a con- 
trol element to produce a 
maximum value* of a result- 
ing effect. Systems sensitive 
to the slope of the effect are 
common, where the sensitive 
element of the system ex- 
amines the slope of the curve 
at the point where it happens 
to be resting when the tuning 
cycle begins, and adjusts the 
control element to increase 
the result. Such systems 
reliably determine the peak of any curve having only 
one maximum, and having no points of such low slope 
that the system cannot determine the proper direction of 
motion to correct. 

In the system described in this article, these limitations are 
not present. The system will accommodate response 
curves having more than one peak; in such cases the system 
will adjust the control element to the highest peak within 
the range. In addition, the system will operate correctly 
with curves having long, relatively flat sections within which 
the slope, if any, is so small as to be indeterminate. Curves 
of this type often are found in tuning radio transmitters 
and receivers. Secondary responses are produced occasion- 
ally by harmonics or image responses, and in receivers the 
system may be used to select the strongest of several com- 
peting signals, where desired. 

The sequence of operation is exactly like the operations 


LIMIT 
SWITCHES 


CONTROLLED 


USEFUL | OEVICE 
OUTPUT 
PHENOMENON TO BE MAXIMIZED 
(MAY BE A PORTION OF OUTPUT) 
Figure 1. Block diagram of the system 
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The development work on which this article is 
based was sponsored by the Bureau of Ships, 
United States Navy Department. 
adjusts a control element to produce a maximum 
or minimum value of a resulting parameter. 
The control element is scanned through its 
entire range of adjustment and returned to the 
position resulting in the desired maximum or 
minimum effect. In a system where maxima or 
minima are present, the tuning equipment 
reliably selects the largest. 
quired is simple and easily understood, and can 
be maintained by relatively unskilled personnel. 
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performed by a careful huma: 
operator in tuning an equip- 
ment having the type of re- 
sponse described. Such a 
operator, when asked to re- 
adjust the system to tune to 
new response point, woul 
adjust the control elemen 
throughout its entire ranges, 
noting the amplitude of any 
peaks observed, then return- 
ing the control to the positio 

producing the highest re- 
sponse. The automatic sys- 
tem proposed, which here is 
memory-scanning” system, follows exactly this 


This system 


The apparatus re- 


called the “ 
procedure. 
The elements of this system are shown in Figure t 
The postulated response curve of the controlled device 
is shown as the solid line in Figure 2. The input to th 
sensitive element of the control system is assumed to be 
unidirectional voltage of varying magnitude. When 
tuning cycle is initiated, the controlled element is moved t 
one end of its range, say position 700 in Figure 2. Durin 
this time the switch S in the system shown in Figure 3 is i 
position 7, short-circuiting the memory capacitor (or con- 
denser) C. When the controlled element has reached theen 
of its range, a limit switch is operated, causing the switch S te 
gotoposition 2, and causing the motor to move the controlled: 
element through its entire range, say to position 0 in Figure 
2. During this scan the signal representing the response of 
the controlled element is being impressed through a diode 
D on the memory capacitor C’ 
The potential on this capacitor will 
rise when the input signal rises, but 
will not be able to drop when the in- 
put signal drops because of the uni- 
directional conducting properties of 
the diode D. Thus the potential on 
the memory capacitor will follow 
the dotted lines in Figure 2, and at 


COMPARATOR 
& MOTOR 
CONTROL 


Full text of paper 53-202, “An Automatic Contro’ 
System With Provision for Scanning and Memory,?? 
recommended by the AIEE Committee on Specia’ 
Communications Applications and approved by the 
AIEE Committee on Technical Operations fos 
presentation at the AIEE Summer General Meeting. 
Atlantic City, N. J., June 15-19, 1953. Scheduled 
for publication in ‘AIEE Transactions! volume oy 
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* A minimum yalue also may be used; throughout 
this article maximum only will be used for simplicity 
of expression, 
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the end of this memory scan, will be equal to the highest 
potential the input signal had reached during the scan. 

At the end of this scan another limit switch operates, 
Causing the switch S to be advanced to position 3. In this 
position the memory capacitor is connected to one of a 
balanced pair of tubes, while the instantaneous input signal 
from the controlled element is applied to the other tube of 
the pair. The motor also is caused to begin to return the 
controlled element to the other end of its range. At the 
3 instant that the potential delivered by the controlled ele- 
ment equals the remembered potential stored on the mem- 
_ ory Capacitor C the signals applied to the two tubes will be 
equal, and their plate potentials will be equal. Necessary 
adjustments to effect such balance initially are assumed. 
A sensitive relay connected from plate to plate thus will 
release just at the time this balance is achieved. This relay 
is arranged to stop the motor moving the controlled 
element. Thus the controlled element is stopped just at 
the point giving the maximum value of the desired effect. 

_ Practical design points affecting the accuracy of the fore- 
going statement are evident by examination of the system. 

In the first place, if exact matching of potentials is required 

to effect stopping of the motor, even a minor change in 

_ sensitivity of the system between the memory scan and the 
final tuning scan might prevent the motor from stopping. 
Secondly, if the motor stopping impulse was initiated at the 
moment of perfect tuning, there inevitably would be some 
overshooting of the moving parts of the system, introducing 
errors of setting. Fortunately these two effects may be 
balanced against each other to a degree which depends 
principally on the speed of tuning operation required. 
For example, if it is possible to take a long time for the final 
scanning operation, the time of action of the relays involved 
and the time to operate an electromagnetic brake to clamp 
the motor shaft will be negligibly short. In this case, al- 
most exact matching of potentials will be desirable. If 
instabilities of the phenomenon being adjusted make ac- 
curate match difficult, it may be desirable to cause the sys- 
tem to stop when the instantaneous voltage is equal to 
only 0.8 of the remembered voltage, and possibly introduce 
an intentional time lag in the application of the braking 
force, so that the normal stopping 
position of the system will be very 
near the peak. In other cases, where 
the time available for the tuning cy- 
cle is very limited, it may be neces- 
sary to anticipate the point of bal- 
ance as indicated in the foregoing 
especially in order to allow time for 
the motor stopping action. If neces- 
sary the motor speed may be re- 
duced for the final scan to increase 

the accuracy of adjustment. By 
suitable choice of design factors, a 
wide range of applications may be 
accommodated. 

One of the principal advantages 
of this system is the simplicity of 
the theory of operation, and its sim- 
ilarity to the actions of a human 
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MAGNITUDE OF RESPONSE 


fe) 10 20 30 40 50 60 70 80 90 100 
CONTROL ELEMENT POSITION 


Figure 2, Assumed response curve of a typical controlled element 


operator. This makes it possible for the usual technicians 
to understand fully what is going on, and to feel confi- 
dent in maintaining and trouble-shooting the equipment. 
No knowledge of the effects of phase on servomotors is re- 
quired. No vacuum-tube amplifiers are needed. The 
drive motors may be of conventional types, either alternat- 
ing or direct current, with no unusual problems of checking 
torque or maintaining slip rings. There is no direct limit to 
the size of drive motors or the power that may be ap- 
plied to the controlled element. However, some inertia 
problems will become apparent in larger sizes of apparatus. 

One embodiment of this principle that has reached 
production is the automatic tuning of the amplifier stages 
of a radio transmitter after the exciting frequency has 
been determined. One important advantage of this sys- 
tem over older systems having mechanical memory of the 
positions of shafts is in the indefinitely large number of 
predetermined channels that may be tuned. Any input 
frequency may be used, without regard to whether it ever 
has been set up before. Once the input is provided, the 
automatic system will resonate each of the amplifier stages 
to the proper frequency quickly and accurately. 


SENSITIVE 
RELAY 


BALANCE 
ADJUST 


TO MOTOR 
CONTROL 
CIRCUITS 
CONDENSER 
n Cc 
Figure 3. Simplified circuit diagram of the system 
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Figure 4. Front panel of radio-frequency amplifier of transmitter embodying the system 


The front panel of the radio-frequency amplifier section 
of this transmitter is shown in Figure 4. It will be noticed 
that there are no tuning controls in the usual sense. ‘The 
knobs shown are for switching the panel meter to the 
proper circuits, and for limiting the fully automatic action 
of the tuning system to slow down its tuning cycle for simpler 
analysis of troubles and for corrective maintenance. Jog 
switches also are provided to tune the circuits if the auto- 
matic system should fail, but they are not used normally. 


ae 


Two separate cycles of the 
foregoing automatic tuning 
procedure are employed i 
this application. One moto 
drives the two low-level ampli 
fier stages, which are gangeg 
to a common shaft, while an 
other motor drives the outpu 
= nrowari amplifier which supplies ap 
a ie proximately 500 watts to 
ae & special automatic antenn 

2 resonating system. The fina 
amplifier cannot be gang 
to the low-level stages becaus 
of the reaction of the antennz 
system on its resonance pointh 
The tuning cycle for the 
smaller unit driving the low 
level stages requires approxi} 
mately 6 seconds, while that 0} 
the higher powered stage re 
quires from 8 to 14 seconds: 
depending on the frequency 
band the equipment utilizes: 

The system described lead. 
to simple, easily maintainec 
equipment, capable of setting any adjustable control to the 
point in its range producing a maximum (or minimum} 
of the effect desired. It is capable of an indefinitely 
large number of settings, depending on the input conditions 
If the phenomenon being adjusted is susceptible to driff 
with time, repeating the tuning cycle will readjust to the 
new correct position. Its low cost and applicability to 2 
wide range of effects make it a valuable tool in the auto 
matic adjustment of complex equipment. 
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World’s Largest Mine Locomotive Reduces Costs, ‘Ton-Miles 


A self-contained main-line haulage unit comprising two 
20-ton locomotives powered by 37 tons of storage batteries, 
the world’s largest underground battery-operated- haulage 
unit, has been installed by Olga Coal Company, a Youngs- 
town Sheet and Tube Company mining operation. 

The entire unit consisting of two 20-ton Jeffrey Haulage 
Locomotives and two power cars housing 625 kilowatt- 
hours of Gould batteries is over 100 feet long. The unit 
stands less than 4 feet off the rails. 

Preliminary tests of the original unit have proved the 
success of the design and the complete feasibility of battery- 
powered main-line haulage under the conditions at Olga 
Coal Company so that more units are under construction. 

Both driving sections of the locomotives are operated by 
remote control as a single unit and the locomotive operator 
can handle the entire unit from either end. Each driving 
section is equipped with two independent braking systems. 
The one system comprises standard air brakes and the other 
system uses dynamic braking with the electric motors op- 
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erating as generators feeding back into a resistance load! 

A special type of battery, consisting of 120 cells, 240 volts 
furnishes electric energy sufficient to supply current up te 
the maximum rate of 1,600 amperes and will operate the 
unit for a full 8-hour shift. Duplicate batteries are use 
with each haulage unit so that one battery is put on charge 
at the end of the shift and a fully charged battery is hookec 
into the circuit for the start of the next shift. The batterie 
are charged by constant potential rectifiers starting at < 
rate of 650 amperes and finishing at 130 amperes. 

The haulage unit is used at Olga Number 1 mine a 
Coalwood, W. Va., in a seam which runs 78 inches high 
Production at this mine approximates 5,000 tons per day. 

Completed engineering studies based on the successfu 
operating experience of the first unit indicate that thi 
mammoth haulage unit and high-capacity battery will pro 
duce lower main-line haulage costs by decreasing the num 
ber of trips per shift and increasing the amount of coa 
handled per trip. | 
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THOROUGHGOING RATIONAL method of 
calculating the braking torque to be expected from 


-squirrel-cage motors when direct current is applied to the 


“4 . . e 
not one of widespread importance but, in some control 


stator has been an elusive development. 


The question is 


2 applications, a sure knowledge of the speed-torque rela- 


tionship might be critically important. 


_. The torque is found to be produced mainly by the a-c 


- 
a 


power of variable frequency which is developed in the 
rotor as it slows to a stop. This part of the braking effort 


_ may be calculated with precision by considering the 
machine as a short-circuited alternator with revolving 


{ 
~ armature. 


The saturation curve and the direct axis 


_ synchronous impedance line at rated frequency are needed 


to establish the synchronous impedance. 


Saturation is 


_ taken into account directly by calculating the synchronous 


f 


impedance for the particular value of direct current being 
used. The synchronous impedance line is located by one 
point which is determined from locked rotor input. The 
current flowing into the stator of the machine under 
blocked rotor conditions is the vector sum of the current 
needed to magnetize the leakage flux paths, to overcome 
the demagnetizing effect of the magnetomotive force of 
the rotor current and to provide the small amount of 
exciting current required to develop the air gap flux. 
The magnetizing current is a small portion of the total and 
depends on the relative sizes of the magnetizing impedance 
and the rotor impedance which are in parallel in the 
equivalent circuit. Assuming a 1:1 turn ratio, the syn- 
chronous impedance line thus is seen to be close to a 45- 
degree line, if equal current scales are used in the plot. 

The frequency of the induced rotor currents is propor- 
tional to speed and the synchronous reactance is propor- 
tional to frequency. The magnitude of the induced rotor 
voltage is also proportional to speed. An expression can 
be developed therefore to relate braking torque to speed 
based on these fundamental frequency quantities: 


21.1C2NR, 
~ RA-(KN) 
where C is the induced voltage per synchronous revolution 
per minute at rated frequency and at the d-c excitation 
level chosen; this is taken from the saturation curve. 
K is synchronous reactance referred to the primary in 
ohms per phase, per synchronous revolutions per minute 
at rated frequency. 2 is secondary resistance in ohms 
per phase referred to the primary. J is speed in revolutions 
per minute, and 7 is braking torque in pound feet. 

The slot harmonics in the air gap flux wave induce 
higher frequency voltages in the rotor conductors which 
are not included in this analysis. ‘The effect of these 
currents -is to raise the apparent resistance of the rotor 
above the-d-c resistance level. ‘The apparent resistance of 
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the rotor varies from the d-c value at zero speed to a value 
perhaps 70 per cent higher at about 10-per-cent synchronous 
speed. At speeds above this level the resistance is very 
nearly constant. This tapering of rotor resistance at low 
speeds raises the torque calculated by the foregoing formula 
and affects the speed at which maximum torque occurs. 
At low speeds, another harmonic effect is present in the 
form of inductor generator torque. The flux in the rotor 
teeth pulsates as a result of the nonuniform nature of the 
surface of the stator bore. The frequency of the flux 
pulsations is a direct function of speed and number of 
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stator teeth so that at low speeds the inductor alternator 
currents in the rotor coil linking a tooth become relatively 
large and produce from 10 to 50 per cent as much torque 
as the synchronous currents and the slot harmonic currents 
combined. This effect occurs in the region of maximum 
torque and is proportional to the square of the d-c excitation 
current, assuming unsaturated iron. The effect of in- 
ductor alternator torque, while large in magnitude, does 
not have a profound effect on average torque. 

The average torque calculated by this method is always 
in error on the low side, at high excitation currents as much 
as 8 per cent low. 

Figure 1 shows the comparison of experimental and 
calculated torque speed curves for a 5-horsepower 220-volt 
class A motor. 
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A Subscriber Toll Dialing Tape Reader 
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N ONE SYSTEM of customer toll dialing,! the call 
record is a punched tape as shown in Figure 1. A 
simple recorder containing punch and step magnets 
driven directly by dial impulses produces the tape record. 
Transcribing information from the tape by eye would be 
slow and cumbersome; hence an automatic “reader’’ is 
needed to translate the information to a more convenient 
form. 

The availability of an inexpensive printer? led to the 
development of a reader that prints tickets of the type 
illustrated in Figure 2. The punched tape, received from 
the recorders on reels, is driven past a phototube scanning 
device which controls relay circuits that count the holes 
and actuate the printer. ‘The circuits include automatic 
means for rate selection and charge computation. 

To place an interexchange call, the telephone user dials 
an office code (usually two digits) for the town he wishes to 
reach, then dials his own telephone number, and then dials 
the desired telephone in the distant office. The first digit 
of the office code selects a tape recorder; the second digit 
completes the office selection and is punched in the tape to 
record the identity of that office. Following that, the two 
telephone numbers are punched as dialed. 

When the call is answered, a “calendar’’? punches the 
calling office code, a day-night digit, and the date and time 
of day. Then a clock punches the tape once a minute to 
record the duration of conversation. ‘The tape recorder 
circuit automatically produces spaces between series of holes 
to separate digits, numbers, and complete calls. 

In the tape reader, the tape rides over a mask contain- 
ing four slots of different lengths, each slot associated with 
a phototube. One slot is used for counting holes, the other 
three recognize the three different widths of spaces between 
holes. 

The tape is scanned backwards in order to avoid re- 
reeling and to permit recognition of incomplete calls. If 
a call is unanswered, no calendar or clock information is 
punched; then the first thing scanned is the last digit of 
the called telephone number instead of the minutes talked. 
Because the widths of succeeding spaces are different in 
the two cases, the reader recognizes the incomplete call 
immediately and does not print a ticket. 

Reader operation consists essentially of counting each 


Figure 
Printed ticket 
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series of tape holes and energizing the corresponding: 
digital lead to the printer. A clutch stops the tape aften 
each digit scanned, restarts it after printing. Informa 
tion is printed as it is scanned except for the day-night andi 
calling office digits, which are stored without printing: 
The minutes talked and called office digit also are stored} 
besides being printed. After the called office digit is 
received, an “‘8” or other appropriate digit is automaticall 

prefixed to create the full 2-digit code assigned each office: 
Then the calling office code, which was stored earlier, iss 
printed, followed by the charge. 

The two office codes determine the basic rate, and the 
day-night digit informs the reader whether weekday or 
night-Sunday-holiday rates apply. The rate is combined! 
with the minutes talked to produce the charge. Rate 
selection and computation are performed by rather simple 
relay circuits which include “self-checking” features ta 
preclude mistakes. Rates can be changed by means of 
strapped connections on a terminal block. . 

The tape scanning speed is 50 holes per second, produc- 
ing about 350 printed tickets per hour. ‘Tickets are the 
same size as standard operator-written toll tickets ta 
facilitate handling and sorting. 

Intended for small independent telephone companies, 
the reader was designed with the objectives of reliability, 
simplicity, and low cost. ‘The model described contains} 
about 10 electron tubes and 100 telephone-type relays. 
A smaller model, containing half as many relays, is alsa 
made for 2-office networks where automatic rate selectio 
is not required. The physical size of the machine permits: 
table or desk top use. 
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Bell System on a leased-wire 
; which a line facility must meet 
for such service are in several 
respects more severe than the 
“requirements for voice-mes- 
“sage 


So 1936, a number 


Ts Ay JON ES 


of different telephoto- 
graph systems! have been 
operated over the lines of the 
The 


basis. requirements 


service. Telephoto- 
graph transmission requirements usually have specified 


that abrupt variations in line net loss should be limited 


to +0.2 decibel, single-frequency noise power should be 
at least 50 decibels below maximum signal power, and 


throughout the useful frequency band (1,200 to 2,600 


cycles) the envelope delay should be equalized within +300 
microseconds. Such requirements were originally satisfied 
by using 4-wire H-44-25 side circuits in cable where 
available and elsewhere by using 2-wire open-wire side 
circuits. These facilities were delay equalized over the 
necessary frequency range, and precautions were taken to 
minimize various transmission disturbances. 

However, the long voice-frequency loaded cable circuits 
such as those which formerly connected New York and 
Chicago have been largely supplanted by multichannel 
(so-called “broad-band”) type K carrier telephone sys- 
tems?? operating on nonloaded cable pairs, or by type L 
carrier telephone systems* working over coaxial cables. 
Special services such as carrier telegraph, program, and 
telephotograph transmission now must use channels of 
these broad-band carrier systems for long-haul applications, 
and this requirement has brought new problems. For 
speech transmission the complex pilot regulating equip- 
ment of the broad-band systems accomplishes substantially 
perfect control of the line net loss, but it produces frequent 
variations of a few tenths of a decibel, which are often 
sufficient to cause marked deterioration in the quality of 
transmitted pictures. Also, signals passing through type 
K2 carrier systems are slightly affected by 60- and 120- 
cycle modulation caused by the a-c filament supply used for 
some of the amplifier tubes. This effect, also, is negligible 
for speech transmission, but is sometimes quite apparent 
in transmitted pictures. 

The possible severity of these types of interference 1s 
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To eliminate interference in telephotograph 
transmission through broad-band carrier equip- 
ment, it was decided to cancel it from the signal 
delivered by the carrier facility instead of modi- 
fying the carrier equipment. 
recently developed telephotograph level com- 
pensator, consisting of a pilot channel arrange- 
ment designed for insertion in the telephoto- 
graph connecting circuits, is utilized. 
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A Level Compensator for Telephotograph 
Systems 
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shown in Figure 1, which is 
a section of a picture trans- 
mitted over a New York- 
Chicago-Atlanta-New York 
loop composed of a number 
of type K carrier channels in 
tandem. For comparison, 
the same picture before trans- 
mission is shown in Figure 2. 
In the transmitted picture of 
Figure 1, which is built up of 
vertical lines, it may be noted that in some areas which 
should have a constant shade almost every line has a dif- 
ferent density, and on each side of the picture there is a 
group of very dark lines caused by larger level changes. 
The whole picture is covered by slanting striations due 
to power-frequency interference. It should be realized, 
however, that these defects are normally less pronounced 
than in Figure 1, which was chosen to illustrate the prob- 
lem clearly. 

Instead of modifying the carrier equipment to eliminate 
the interference at its several sources, it was deemed more 
practical to cancel the interference from the signal de- 
livered by the carrier facility. This function is performed 
by the recently developed telephotograph level compensa- 
tor, which consists of a pilot channel arrangement designed 
for insertion in the telephotograph connecting circuits. 
This arrangement utilizes a single-frequency pilot current 


Consequently, a 


Figure 1. Variations in shade produced by pilot regulator action 
and power frequency interference on a multisection type K carrier 
circuit 


Figure 2. Original print 
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which is transmitted over the line facility along with the 
picture current, and is modulated during transmission by the 
same interference which modulates the picture signal. 
After transmission the modulated pilot current is separated 
from the picture current and is rectified in order to recover 
the low-frequency interference. ‘The interference is then 
used to remodulate the picture current in phase opposition 
to the existing modulation. The use of the level compensa- 
tor results in a substantial reduction of interfering low- 
frequency amplitude modulation resulting from level 
changes or power-frequency interference. 


DESCRIPTION OF THE LEVEL COMPENSATOR 
TERMINAL CIRCUITS 

HE LEVEL COMPENSATOR sending circuit is shown in 

Figure 3. In this circuit a 3,145-cycle pilot current, 
obtained from the standard carrier supply equipment 
used in carrier telegraph systems, 
is combined with the 1,200- to 2,600- 
cycle picture signal from the send- B 
ing subscriber. From this circuit - 
the picture and pilot currents pass DEMOOULATOR 
to the carrier-telephone sending 
equipment. The pilot frequency has 
been chosen above rather han be- 
low the picture signal band so that 
the full frequency range of the car- 
rier telephone channel below 2,700 
cycles is available to the subscribers 
for alternate speech transmission 
when desired. Filter F7 provides 
substantial attenuation to picture 
or speech frequency components ly- 
ing in the pilot channel band _ be- 
tween 2,945 cycles and the 3,500- 
cycle upper limit of the carrier tele- 
phone channel. Such components 
thereby are prevented from actuating 
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Level compensator sending circuit 
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the receiving compensatoi 
equipment. Equalizer 

equalizes the delay of this fil- 
ter over the picture signal fre- 
quency band. Filter F2 at. 
tenuates certain extraneous} 


TO : i 
- MODULATOR OF carrier supply. ‘The level of 
a Be aeae the pilot current delivered b 
CHANNEL 


the sending circuit is adjusted] 
13 decibels below that of thes 
maximum picture current. 
This adjustment permits the 
pilot current to be transmittedi 
well above line noise withoutt 
causing appreciable intermod. 
ulation with the picture cur. 
rent. 

The level compensator re-. 
ceiving circuit, shown in 
Figure 4, is connected be- 
tween the output terminals of the broad-band carrier- 
telephone channel and the receiving subscriber. In this3 
circuit the picture and pilot currents, together with any) 
modulated interference picked up during transmission, are 
separated by low- and high-pass filters. The picture cur-: 
rent from low-pass filter #3 flows through delay equalizer: 
E3 which corrects the delay distortion of the filter, into a 
variolosser network consisting of a special type of bal- 
anced modulator. This network contains fixed resistors as3 
series elements and a varistor bridge as a shunt element.. 
The picture current flows through the variolosser at levels} 
low enough to result in negligible signal distortion. The: 
pilot current, after passing through high-pass filter F4 and 
its delay equalizer E4, is amplified, rectified, and passed 
through low-pass filter F5 in order to recover any low-- 
frequency modulation to which the pilot current may have? 
been subjected during transmission. This low-frequency’ 
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SUPPRESSION OF MODULATION 


RECEIVING COMPENSATOR OUTPUT 
LEVEL IN DB FROM NORMAL 


RECEIVING COMPENSATOR INPUT LEVEL IN DECIBELS FROM NORMAL 


Figure 5. Variation in output level with input level of level 
compensator receiving circuit 


INTERFERENCE IN DECIBELS 
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Figure 6. Suppression of line modulation interference by level 
compensator as a function of modulation frequency 


current, in series with an adjustable d-c bias current, is 
used to control the resistance of the varistor bridge net- 
work in the variolosser and thus to control the transmission 
loss introduced by the variolosser in the picture branch. 
For effective operation of the level compensator the trans- 
mission loss of the variolosser, as controlled by the modula- 
tion envelope superimposed on the pilot current, must vary 
in magnitude and phase so as to cancel the interference en- 
velope superimposed on the picture current. The magni- 
tude requirement is met by proper adjustment of the pilot 
amplifier gain and d-c bias current. The phase require- 
ment is met by designing the picture and pilot branches so 
that modulation frequencies up to about 200 cycles suffer 
substantially the same delay in the two branches. 


DELAY EQUALIZATION OF THE CARRIER TELEPHONE 
CHANNEL 


§ PREVIOUSLY MENTIONED, for satisfactory operation of 
A the types of telephotograph system under considera- 
tion the maximum deviation of the envelope delay of the 
transmission circuit from end to end should not much exceed 
+300 microseconds over the picture signal-frequency 
band from 1,200 to 2,600 cycles. When the picture signals 
are transmitted over a broad-band carrier facility, the prin- 
cipal sources of delay distortion are the channel band-pass 
filters of the carrier telephone terminals. This distortion 
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must be corrected by delay equalizers to meet the require- 
ment just stated. 

When a level compensator is added to a carrier-tele- 
phone channel in order to reduce the effect of amplitude- 
modulation interference at frequencies up to 200 cycles, the 
problem of equalizing envelope delay of the carrier facility 
becomes somewhat greater. Such interference may be 
introduced by the terminal amplifiers or line repeaters of 
the carrier facility. At the points of introduction, simul- 
taneous modulation of the picture and pilot carriers occurs. 
In order that the pilot carrier modulation may be used 
effectively to cancel the picture carrier modulation in the 
level compensator receiving circuit, both must reach the 
variolosser in this circuit simultaneously. To accomplish 
this, the envelope delay effective over a frequency band. 
extending 200 cycles above and below the pilot frequency 
must be adjusted to the same value as that effective over a 
band 200 cycles above and below the picture carrier fre- 
quency. For this reason the delay equalization of each 
carrier channel filter carrying the picture and pilot currents 
must be effective over the pilot band as well as the picture 
band; that is, from 1,200 to 3,345 cycles. In a multi- 
section carrier facility consisting of channels of two or more 
carrier-telephone systems connected in tandem the channel 
filters at each connecting point must be delay equalized at 
that point, so that interference introduced in any or all 
sections can be compensated at the receiving terminal. 

The delay equalizers provided for the carrier-telephone 
channel filters and for the receiving level compensator 
circuit are sufficiently accurate so that the level compensator 
may be expected to reduce level changes and 60- and 120- 
cycle modulation interference by at least 20 decibels if the 
number of carrier sections in the line facility is not too great. 
This degree of interference reduction has been found ade- 
quate to render broad-band carrier facilities suitable for 
telephotograph transmission. 


PERFORMANCE CHARACTERISTICS 


UAC CHARACTERISTIC showing the variation of 
the output level with the input level of a properly 
adjusted level compensator receiving circuit is shown in 
Figure 5. This curve indicates that, in the absence of 
power frequency modulation, level changes in the line 
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Figure 7. Suppression of line modulation interference by level 
compensator as a function of level at input of receiving compen- 
sator circuit 
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Figure 8. Effect of level changes made in local test without level 
compensator * 


facility as large as +5 decibels can be tolerated without 
exceeding the usual limit of +0.2 decibels in the receiving 
subscriber’s loop. ‘The adjustments necessary to obtain this 
performance are made easily with the aid of simple testing 
equipment, and when made are stable over a period of 
several weeks. 

After the circuit has been adjusted for level compensa- 
tion, its typical performance with respect to modulation 
interference over the frequency range from 0 to 300 cycles 
is shown in Figure 6. This curve applies to the level com- 
pensator sending and receiving circuits connected together 
by an artificial resistance line containing a source of modula- 
tion interference. ‘The reduction of such interference due to 
the use of the compensator is plotted as a function of the 
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Figure 10. Effect of 120-cycle modulation interference in local 
test without level compensator 
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Effect of level changes made in local test with level 
compensator in circuit* 


Figure 9. 


modulation frequency, and amounts to nearly 40 decibels$ 
for 60- and 120-cycle interference. Of course, the inter 
ference compensation obtained during transmission over an 
actual carrier facility would be considerably lower due ta 
imperfections in the delay equalization of the facility. 

The performance of the level compensator equipment 
when simultaneous level changes and 50- or 130-cycle mod 
ulation are introduced in the connecting resistance line is§ 
given by the curves of Figure 7. These curves show that the 
protection against modulation in the power-frequenc 
range falls off as the line loss departs from its normal value; 
However, it is expected that a substantial compensation fon 


* Original photograph made in the American Museum of Natural History by courtesy 
of the museum, 
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Figure 11. Effect of 120-cycle modulation interference in locai 
test with level compensator 
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such interference will be obtained in actual practice since the compensator had been added. No interference pat- 
‘the variations in line net loss normally encountered: in -tern is visible in Figure 11, even for modulation levels 
broad-band carrier channels are small. only 15 decibels below the maximum picture level. , 
__ A sample picture, locally transmitted, containing line The tests which so far have been made over actua! broad- 
level changes from 0.5 decibel to 7 decibels with no level band carrier facilities indicate that the level compensator 
‘compensator in the circuit, is shown in Figure 8. The effect should greatly extend their usefulness for telephotograph 
of a level change of 0.5 decibel may be seen clearly in the _ transmission. 

picture. The same test picture transmitted with the level — 

compensator in circuit is shown in Figure 9. Here no REFERENCES 
change smaller than 6 decibels produces a noticeable effect. 1. A New Telephotograph System, F, W. Reynolds. Bell System Technical Journal 

Sample pictures were also locally transmitted to illustrate  (X°W Yor N: ¥» volume 15, October 1936, pages 549-74, 

/ 7 Z 2. A Carrier Telephone System for Toll Cables, C, W. Green, E. I. Green. Ibid., 
the performance of the level compensator in reducing the volume 17, January 1938, pages 80-105. 

effect of 120-cycle modulation interference on the line. 3. Cable Carrier Telephone Terminals, R. W. Chesnut, L. M. Igenfritz, A. Kenner 
The picture of Figure 10 was transmitted without the level 74» P#8°° 10°. 
a. . iH 4, Frequency Division Techniques for a Coaxial Cable Network, R. E. Crane, J. T. 
compensator and that of Figure 11 was transmitted after  pixon, GH. Huber. AIEE Transactions, volume 66, 1947, pages 1451-9. 


Magnetic Amplifier Circuits and Applications 


The most commonly used magnetic amplifier circuits. It is hoped that the preceding statements have 
circuits and their applications are reviewed in dispelled this notion. 
their general form. The information is pre- 
sented in the order of invention or use and thus 
follows quite closely the chronological sequence. HE FIRST TYPES OF circuits one finds in the literature 
are the simple reactor or transductor circuits and 
their series and parallel combinations, see Figures 1 and 2. 
N INTRODUCTION to the general operation of Winding polarities are indicated by dots. £, and ¢,, are 
magnetic amplifiers and the methods of analysis the control and power voltages, R, and R; the control and 
developed for this technology has been provided load impedances, and J, and J, the input and output 
in the two previous articles. The types of components currents, respectively. ) 
ordinarily used in these circuits and relations which govern These circuits were introduced around the beginning 
the gain, response, linearity, and so forth were discussed of the second decade of the century and since have found 
also. In this article the various magnetic amplifier considerable application where speeds of response are 
circuits which are used most generally will be reviewed not of importance, mainly in metering and relatively slow 
in their general forms. control applications such as theater light dimming. This 
In reviewing magnetic amplifier circuits, it would be type of circuit is characterized by low gain, slow response, 
quite hopeless to include all the magnetic amplifier circuits and considerable linearity. The possibilities of application 
which have been proposed and used. Actually, there of these basic circuits in modern control technology are 
have been some 500 patents granted in this subject, each limited, mainly by the slow speed. of response. A major 
one disclosing a different feature or configuration. To advantage for this amplifier, particularly in metering, is 
name and describe all of these circuits would be impractical its rather definite one-to-one ratio of control ampere 
of course. The skilled designer will have knowledge of turns to load ampere bins independent of load throughout 
the basic types of circuits; however, his knowledge of wide ranges, see Figure SoA example of the saturable 
specialized circuits will be limited ordinarily to the field transformer amplifier is shown in Figure 4. Its per- 
in which he is most interested. micas Jt Seen ee a eau os, Wee a emma en een ve 
This complexity of circuitry and specialization Is not ATEE Gommittecion Magnetic Amplifiers. This is the last of a series of three articles 


sys : 5 4 F on the fundamentals of magnetic amplifiers. Part I, “The Magnetic Amplifier,” by 
expected by one unfamiliar with the magnetics field. The W. C. Johnson, appeared in July 1953, pages 583-8; Part II, ‘“Methods of Magnetic 


field is considered to be relatively new, and one is apt to Asolo: Duala by L. A. Finzi and G. F. Pittman, Jr., appeared in August 1953, 


: : inking 
refer toa magnetic amplifier 2 general eakegcry, th : = R. A. Ramey is manager of the Magnetic Development Section, Westinghouse Electric 
perhaps that there are only a few magnetic am plifier — Corporation, Pittsburgh, Pa. 
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Figure 1 (top). 
ductor. Figure 2 (bottom). 
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Figure 3 (top).  Trans- 

ductor transfer character- 

istics. Figure 4 (bottom). 
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formance falls in the same category, but it has the ad- 
vantage of isolating load from power source. 

With the advent of the dry-type rectifier in the second 
decade, feedback circuits were introduced to the basic 
circuits. These are the so-called external feedback con- 
figurations exemplified in Figure 5. ‘These circuits usually 
require a bias winding, but that fact will be ignored here. 

This additional circuitry increases the gain obtainable 
from magnetic circuits tremendously. With these ampli- 
fiers it is possible to realize gains of 1,000,000 in a stage. 
Furthermore, the ratio between gain and speed of response 
is considerably altered by these configurations such that 
if one chooses to take nominal gains, perhaps 300 to 1,000, 
the speed of response obtainable is very short indeed. 
possibly in the order of two or three cycles of line frequency. 
These circuits have figures of merit (ratio of power gain to 
speed-of-response in cycles of power frequency) of the order 
of 500, whereas the simple basic circuits had figures of 
merit in the order of four. With this type of configuration 
it now is possible to begin considering seriously magnetic 
amplifiers in many modern problems. With the intro- 
duction of feedback one finds an additional component 
type in the circuits, the rectifier. One finds further that 
linear relations in the basic circuits are no longer easily 
obtainable. The transfer characteristic is appreciably 
altered and can be made to vary in position from that 
of the simple transductors, see Figure 3, to that exemplified 
in Figure 6 by the addition of more and more feedback 
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ampere turns. After the feedback exceeds 100 per cent, | 
triggering occurs and one has a bistable element, see: 
Figure 7, useful in switching applications. t 

Whereas in the basic circuits the specific magnetic 
characteristic of the material did not alter the transfer 
characteristic appreciably, here the transfer characteristic : 
is determined with certain uniqueness by the specific 
material quality. It is with these circuits that it is necessary 
to have rectangular loop materials with extremely low | 
losses and the best rectifiers to attain highest performance. | 

With external feedback, it is necessary to drive the output | 
circuit currents through a second winding on each reactor — 
core introducing an added resistance drop. This dele- 
terious effect was obviated by the introduction of the self- | 
saturating magnetic amplifier circuits in the third decade, 
see Figures 8 and 9. 

These circuits correspond to 100-per-cent feedback with — 
the external feedback connections, and again the transfer 
characteristic depends directly on the quality of magnetic 
material and rectifier used and the transfer characteristic 
is that of Figure 6. With the self-saturating circuit the 
figure of merit obtainable with the best present-day ma- 
terials and design techniques runs as high as 3,000 to 5,000. 
The external feedback scheme can be combined with self- 
saturation to increase gains further, see Figure 10. The 
amount of additional feedback which may be used before 
triggering occurs, see Figure 7, is usually slight. | 

All the circuits considered to this point are of the single- © 
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ended variety; however, many applications require a 
reversing output. This type of output can be obtained 
quite readily by operating the single amplifiers in push- 
pull as shown in Figure 11. There is considerable loss in 
efficiency in reversing a d-c output because one side short- 
circuits the other. 

In cases where very large power gains are required from 
input signal to output level but very rapid response is 
necessary, it is essential to cascade magnetic amplifier 
stages. Should one attempt to attain 1,000,000 gain in 
one stage, he would have to allow a considerable amount 
of time for the amplifier to respond; however, if he chose 
instead a gain of 1,000 of a suitable design, he would have 
a response of one or two cycles. When amplifiers are 
cascaded, the gains essentially multiply and the times of 
response essentially add; so to obtain a gain of 1,000,000, 
it is only necessary to cascade appropriately two stages 
with gains in excess of 1,000 each. There are several 
coupling means useful for cascading. They are exemplified 
by those shown in Figures 12 and 13. 

The circuits heretofore mentioned are all examples of 
the types developed before World War II. At this time 
very little application was made with magnetic amplifiers 
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and the general activity of invention should have been 
reasonably low. This certainly was not the case; for the 
circuits in most use today were invented in this period. 
It seems that it was somewhat more than difficult to 
introduce this new technology to the American engineering 
storehouse, and it took the activities of our erstwhile 
enemies, the Germans, to sell the United States on the 
idea of the use of magnetic amplifiers. When it was 
learned that the reliability and maintenance-free operation 
predicted for these circuits were being obtained in the 
German war machine, considerable activity was instigated 
in the United States to develop these circuits for application 
here. First, new and improved magnetic materials and 
rectifiers were developed for the existing circuits, and re- 
search and development was carried on to determine the 
most advantageous circuit configurations for various 
applications. 

Many particular circuits have been developed in the 
last decade. The new types are mostly high-speed circuits 
with particular emphasis being put upon rapid response 
times. Figures 14, 15, 16, and 17 show examples of these 
high-speed circuits. The circuits of Figures 15, 16, and 
17 require only a half-cycle of power frequency for 100- 
per-cent response. 

The field of magnetic amplifiers or magnetics, as it is 
known, encompasses the study of more magnetic devices 
than those which are considered straight amplifiers. 
Various computing circuits, modulators, references, and 
lead networks have been developed using magnetic non- 
linearities and rectifiers. In Figure 18 is shown an example 
of a magnetic flip-flop, having an operating time of one- 
half cycle of supply frequency. In Figure 19 is shown one 
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Figure 18 (top). 
Magnetic _ flip-flop. 
Figure 19 (bottom). 
Permanent magnet 


reference 


type of magnetic reference device whose output is sub- 
stantially constant. This circuit provides a reference or 
standard voltage and current for regulating systems. Here 
the constant field of a permanent magnet provides a 
constant control magnetomotive force and consequently 
a constant output. There are more advanced reference 
devices upon which no publication has yet been made. 
Figure 20 is a type of magnetic lead network which, in 
quite small spaces, serves the function of conventional lead 
networks with several thousand microfarad capacitors; 
it is also quite nondissipative. 


APPLICATIONS 


IHE RANGE OF APPLICATION of magnetic amplifiers is 

wide and varied, being limited usually by the speed 
of response of the amplifier and by the particular wave- 
form characteristic obtainable from it. Since the instan- 
taneous value of the output does not reproduce the instan- 
taneous input value, it is necessary not only to measure the 
output versus input characteristic of the amplifier as 
average values, but also to make applications which can 
make use of this same type of operation. The types of 
uses which can be made of these circuits recognizing these 
inherent limitations are many and varied, depending 
ultimately upon the maximum frequency for which one 
can obtain materials for these amplifiers. They are being 
used in servo amplifiers; temperature-measuring devices; 
regulators of speed, voltage, and frequency; d-c amplifiers 
and modulators; frequency reducers and multipliers; 
audio- and radio-frequency amplifiers; trigger and multi- 
vibrator circuits; and delay lines and memory devices, 
and so forth. 

Looking at such a listing of applications, one gets the 
impression that magnetic amplifiers are sensitive, high- 
gain, high-speed, versatile devices capable of delivering 
large quantities of power efficiently. Each of the adjectives 
is applicable, but it is seldom practical to combine within 
one amplifier all the attributes mentioned. For instance, 
it is not practical to control a large generator field with 
amplifiers whose excitation frequency is of the order of a 
megacycle even though the amplifiers’ speeds of response 
would be phenomenal. Fortuitously, most applications 
requiring large blocks of power from amplifiers do not have 
the concomitant requirement that the amplifier show such 
speed. Ordinarily 1/100 of a second delay, four cycles at 
400 cycles per second, in the amplifier will pass unnoticed. 
In most measurement applications, the speed of response 
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is really of negligible interest—as the meters are slow. 


In applications where physical displacements or speeds 


of mechanical apparatus are being controlled, one finds 


the magnetic amplifier enjoying considerable application 4 
today. Usually such systems are motivated by electric — 
motors which have definite limitations as to their speed _ 


of response determined by the torque inertia ratio which — 
can be designed into them. This delay easily can be 
shown experimentally by switching a reverse voltage on a 
motor—the motor does not respond instantaneously but 


takes definite time to attain reverse speed. A little delay 


in the switching (amplifier) would not appreciably alter 
the response, so magnetic amplifiers can be designed to 
give essentially the same performance as electronic ampli- 
fiers. The ordinary motor does not usually have fast 
response characteristics and presents no particular problems 
to designers, for it is not considered in high-performance 
systems. However, servo motors are particularly designed 
for rapid response and usually present a challenge, par- 
ticularly when very-high-power gains with their con- 
comitant delays are required of the amplifiers. 

The same general remarks applicable to inertial loads 
are true of inductive loads such as generator fields. 
time constant of a field is usually the important delay. 
Fast response of generator fields requires ‘‘field forcing” 


with resistive networks or lead networks to lower the time | 
constant effectively whether one uses magnetic amplifiers _ 


or any other control means. 


In application of magnetic amplifiers to particular 


problems, it is necessary to consider three factors: first, 
the signal source; second, the gain and time constant 


required; and third, the load into which the amplifier | 
must work. There are very definite limits placed upon | 


the signal sources which might be used. The most general 
requirement with present-day materials and circuits is 
that the signal level be above 10~° watt. 
level amplifier drifts and other types of instability render 
applications ineffective. The major problem at low level 
is that of rectifiers. Rectifiers have definite forward voltage 
drops and in themselves are not low-level loads. It is 
necessary to design even the low-level amplifiers with 
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relatively high alternating voltages for supply because of 
these rectifiers. This makes winding of very small struc- 
tures quite difficult since many turns are needed even at 
higher frequencies. In addition, rectifier capacitance 
; begins having a considerable effect at very low voltage 
; levels. With power inputs of the order of 10-* watt, one 
_ usually experiences no difficulties. 

It is usually in these low-level first stages that one 
experiences his greatest time delays. The usual effort of 
' the designer is to get himself up out of the very-low-level 
_ power region with as few stages as possible. This means 
_ that the very first stages must have large gains with their 
associated long-time delays. In the higher level stages, 
; the delays are quite short because lower gains are accepted 
readily. In general, this is a problem in miniaturization 
5 and the development of more ideal rectifiers. Were it 
_ possible to design effective amplifiers with gains of the 
order of 1,000 and output level of the order of 1 microwatt, 
‘ such problems would not be so difficult. Effective design 
_ requires that each stage have relatively short time constant, 
and when low levels must be used for signals, it is necessary 
to cascade several stages of amplifiers to attain appropriate 
gain-—time constant relations. 

The various loads which magnetic amplifiers are ex- 
pected to work into can be classified as resistive, inductive, 
capacitive, and active loads, or combinations of these. In 
the practical sense, they may be lamps, motor generator 
fields, and power supply filters. A few examples of a-c 
motor control circuits are shown in Figures 21 and 22. 
The d-c control of generator fields or other inductive loads 
can be accomplished by the circuit shown in Figure 23. 
An example of d-c power supply is shown in Figure 24. 

In the audio-amplifier field, the magnetic amplifier is 
required to reproduce the input signal waveform. This 
is not the nature of the magnetic amplifier at all. The 
amplifier being a modulation device cannot reproduce 
information at a rate in excess of a-c power supply fre- 
quency. When a magnetic audio amplifier is designed, 
a-c power must be provided to this device some several times 
the frequency of the highest audio component expected to 
be reproduced. The applications in this region are limited 
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mainly because it is usually necessary to supply this a-c 
power from an electronic oscillator. A further difficulty 
is that the rectifiers heat up far more than usual when the 
power supply reaches several kilocycles. An example of a 
magnetic audio amplifier is shown in Figure 25. Here 
care must be exercised to match the amplifier internal 
impedance to the load. 

In computer applications one is not limited ordinarily 
by the loading device. If it is necessary in high-speed 
applications, the results of a problem can be stored on a 
tape and read out onto electric typewriters. This in- 
formation processing can be carried on at any required 
level, and the requirement that the input be exactly the 
same function as the output is not necessarily met. Ordi- 
narily, one is not here limited by the low-level problem. 

The application of magnetic amplifiers is only be- 
ginning. Since the illustrations shown here are from 
the published literature and do not include the most 
recent advances in the art, they are somewhat outdated 
and applicable to lower performance. Work and publica- 
tions now in process will include startling new applications 
and show the invasion of magnetics further and further 
into the regions heretofore reserved for electronics (notably, 
the information-processing field). New materials, processes, 
and circuits are being developed and applied to promote 
this invasion. 
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Transfer Function Measuring and Recording System 


R. J. EHRET 


5 Dees SYSTEM DESCRIBED gives a polar plot of the 
transfer functions of industrial processes, process 
controllers, and instrument servomechanisms. Included 
in the system is an accurate mechanical signal generator 
which produces pneumatic, electric, and motion sine 
waves having a frequency range of 1/30 to 720 cycles per 
minute. A data sampling technique is employed which 
by-passes the need for having recorders with a dynamic 
response considerably better than the system under test. 
Furthermore, the Nyquist plot is recorded directly on a 
single sheet of paper thus simplifying the data reduction, 
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handling, and storage problem. As the transfer function 
may be studied while the test is in progress, the operator 
is assured that he will not miss any significant points of 
the plot. 

Figure 1 illustrates the general method of obtaining 
the transfer function. A sinusoidal test signal, A sin 
wt, is applied to the device under test which has a 
transfer function ge’, where g is the amplitude ratio and 
6 the phase shift. The output from the device then will 
be: gA sin (wt+6)+C which can be represented by a 
vector having a magnitude gA, making an angle @ with the 
input vector, plus a constant term C. By suitable re- 
solving means, the X and Y components of the output 
vector are measured and used to position the two co- 
ordinates of a function plotter which traces the vector 
locus. ‘This method of resolving the X and Y components 
is accomplished by sampling the output sine wave at 90- 
degree intervals. 

The sampling is performed by means of switches syn- 
chronously driven from the signal generator shaft which 
sample the output signal at 0 and 180 degrees of the 
input wave for the Y co-ordinate and at 90 and 270 
degrees for the X co-ordinate. Because the sine in the 
3d and 4th quadrants, and the cosine in the 2d and 3d 
quadrants are negative, the output signal is reversed as 
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shown by the block —1. This reversal is accomplished 
by reversing the supply voltage to the output signal trans- 
ducer, for example a strain gauge or slidewire. 
adjustable suppression voltage in the measuring circuit is 
provided to balance out the constant term. 


The two co-ordinates each include a complete self- 


balancing system having an amplifier, servo motor, and 
slidewire. Individual zero and span adjustments are 
provided for each axis, and serve the purpose of centering 
the plot and setting the proper scale factors. ‘The output 
signal is connected to both axes; the sampling is per- 


formed by short-circuiting the amplifier phase of the motors | 


except during their sampling interval. 


e . | 
Figure 2 shows the entire system. Viewed clockwise 


from the upper right hand corner are the recorder, the 


control box, the sine wave generator, and the speed- 


setting potentiometer. Amplitude and level adjustments 


of the sine wave all are made from the front panel of the | 


drive unit. The pneumatic sine-wave generator is a 


Figure 2. View of entire system 


closed-loop device which produces a test signal of very 


An 


f)) 


low distortion over a wide range of amplitudes (0.05 to 


7 pounds per square inch) and mean pressure levels (1 to 
19 pounds per square inch), The test frequency, deter- 
mined by the potentiometer setting, is maintained by a 
tachometer feedback servo. 
time saving by enabling the accurate and rapid selection of 
the desired test frequency. 
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The Permeability of Silicon-Iron 


EBERHARD ‘BOTH 


HE MOST SIGNIFICANT characteristic for core 
materials to be used in communication transformers 
is the initial permeability, which should be as high as 
possible and exhibit a minimum change versus the exciting 
field strength. These requirements are dictated by the 
necessity to keep signal attenuation and distortion in these 


2 transformers to a minimum, and by the characteristic be- 
havior of magnetic materials at extremely low flux or field 


strength levels. 
Nickel-iron alloys containing 36 to 50 per cent of nickel 


_ meet these requirements to a high degree of perfection. 
-, However, since nickel continues to be in short supply, the 


possibility of achieving similar properties in silicon-iron 
alloys is of considerable practical interest. 

Such an alloy was first developed in 1941 by the author 
and his associates, most notably Dr. F. Assmus, at the 
Vacuumschmelze AG in Hanau, Germany. The material, 
known commercially as Trafoperm 25N7, possesses an 


‘initial permeability between 800 and 1,000 and the aver- 


age increase in permeability, for fields up to 100 milli- 
oersteds is about 0.3 per cent per millioersted. The pro- 
duction process differs from the one used to obtain grain- 
oriented silicon-iron for power transformers by a higher 
degree of cold reduction and a final anneal at a lower tem- 
perature. 

In a recent series of experiments, toroidal test cores 
wound from 3.25-per-cent silicon-iron tape 0.5 inch wide 
and 5 mils as well as 2 mils thick were hydrogen annealed 
at temperatures ranging from 600 to 900 degrees centigrade. 
The material was obtained from the Allegheny Ludlum 
Steel Corporation, Brackenridge, Pa.; it was produced 
from fully annealed and grain-oriented 14-mil strip avail- 
able from this company under the trade name of **Silec- 
tron,” by cold-rolling to the final thickness without further 
anneal, thus resulting in a cold reduction of about 64 per 
cent for the 5-mil tape and about 86 per cent for the 2-mil 
tape. 

The permeability of the annealed cores was measured at 
field strength values ranging from 10 micro-oersteds to 100 
millioersteds. The tests were extended to the unusually 
low field strength of 10 micro-oersteds (or a flux density of 
5 to 20 milligausses) in order to obtain permeability values 
more truly deserving the epithet “initial” than those de- 
rived from the extrapolation of tests taken at and above 5 
gausses; the latter can be greatly in error due to the peculiar 
behavior of the permeability of silicon-iron initially. 

The increase in permeability between 10 micro-oersteds 
and 100 millioersteds is a measure of the hysteresis losses 
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Figure 1. Average slope of the y versus H curve between 0.01 
and 100 millioersteds for various experimental and commercial 
silicon-iron materials, plotted versus their initial permeability 


and the attendant distortion; it is recorded herein the 
form of 6-values, where 6=u—po/Molf X 100 per cent per 
millioersted. 

In Figure 1, the 6-values are plotted versus the permea- 
bility at 10 micro-oersteds with the cores made from 5- 
mil material represented. by circles, those from the 2-mil 
material by squares. Commercial grade silicon-iron ma- 
terials are included for comparison, in order to show that 
these, excellent as they are for power transformers, do not 
qualify for communication transformers on account of 
their high 6-values and low initial permeability. 

It can be concluded from the results shown that magnetic 
characteristics suitable for communication transformers 
can be achieved in silicon-iron alloys by special production 
techniques. An initial permeability of 1,500 together with 
a 6-value of about 0.5 per cent per millioersted appears to be 
sufficiently close to the corresponding characteristics of 
nickel-iron which are wo = 2,000 and 6 = 0.2 per cent per 
millioersted that such a material can be used as a substitute 
in a large number of applications. 
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Techniques in Handling Load Regulating Problems 
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ECENT UNPRECEDENTED load _ growth has 

stimulated parallel operation to such an extent that 
there are now only six major interconnections in the 
United States. The operation of these vast grids has 
brought two major problems into sharp focus: 


1. Permissible scheduled loading on critical arterial 
tie lines is being reduced by the use of increasingly large 
cyclic swings. 

2. Appreciable savings are being lost by the inability 
of operating personnel to maintain the loading on an 
increasing number of stations and units in accordance with 
incremental costs. 


The latest techniques in applying automatic load control 
have permitted the solution to both these problems. 

It is now generally recognized that each system’s re- 
sponsibility to the interconnection involves adjusting its 
generation to compensate for its own customer load 
changes. In the early days when interconnections were 
small it was possible to detect a change in frequency for 
every major customer load change. Under this condition 
either manual or automatic control in response to system 
frequency variations was quite satisfactory. 

Present-day operation under interconnected conditions 
differs from the earlier days. The frequency deviation 
caused by a load change on any one system is now much 
smaller because of the larger inertia of the interconnection. 
Consequently, there is less governor action and many of 
the customer load changes which were partially absorbed 
by the frequency-correcting mechanism of the governors 
now appear on the tie lines. ‘Thus, when analyzing load 
variations on a typical uncontrolled tie line between two 
large systems, fast fluctuations of a cyclic nature are often 
encountered in addition to drifts in the average value. 

The ultimate solution to the load regulating problem 
must be based on the fact that there are two different types 
of customer load variations which cause tie-line load 
changes. ‘This article refers to the fast load fluctuations 
of a cyclic nature as fringe changes, whereas drifts in the 
average tie-line load are designated as sustained load 
changes. It is now accepted practice on most systems to 
control automatically in response to sustained load changes. 
This is designated as sustained control. If it is necessary 
to control automatically in response to fringe load changes, 
a new type of control action is required with continuous 
response that recognizes fast load fluctuations. Con- 
trolling automatically in response to fringe changes should 
be investigated if either of the following conditions should 
occur: 


1. If the fringe load changes limit the maximum 
scheduled power transfer on the tie lines. 


2. If the rate of change of generation in response. to 
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sustained load changes approaches the rate of the fringe 
load changes. 


on rer 


Under this latter condition the generators are usually 
over-correcting unless fringe control action is used. . 

The most important function of fringe control is to) 
permit scheduling tie-line power flows closer to capability 
limits. This is accomplished by producing a temporary 
change in generation which approximates that which 
the frequency-correcting mechanism of the governors 
contributed when the interconnections were small. Fringe 
control provides the most satisfactory method for spreading . 
the regulation so that a large number of units in several 
stations can respond simultaneously to reduce the effect 
of fast customer load changes until the stations correcting | 
the sustained changes have had an opportunity to absorb_ 
the load variation. On steam units, fringe limits are 
provided so that the fringe correction can be made almost 
instantaneously inside an adjustable but rather narrow 
regulating band that is effective only for fringe control 
action. 

From an operating standpoint, it is highly desirable that 
the percentage of fringe and sustained control action 
assigned to the regulating stations be independently ad- 
justable. For example, one operating requirement might 
be to maintain constant integrated output from certain. 
steam plants over a period of time, but utilize their ability 
to respond instantly to fringe load changes. Some less. 
efficient stations then can absorb the sustained load changes. 
By keeping the two control actions separately adjustable, 
it is possible to use the sustained control to follow the most 
efficient loading schedule for the system. Thus, the 
regulating units at any instant can be those which should 
be taking the next increment from a cost standpoint. 

Automatic following of economic loading schedules 
is possible because a definite percentage of the regulating — 
burden now can be assigned to each station independently. 
With this new development in sustained control, slow re- 
sponse at one station no longer affects the response at the 
other regulating stations. Because of varying fuel costs, 
line losses, and maintenance on major equipment, a fixed 
program control for the stations is not sufficiently flexible — 
to meet changing system conditions. Consequently, the 
loading schedule is determined by setters provided on 
consoles. A dispatcher’s console carries out loading 
schedules on the stations, whereas similar consoles at the 
stations maintain assigned schedules on the units. Thus, 
the entire system can be loaded automatically in accordance 
with a predetermined schedule. 
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The Nature of Nuclear Power 
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Bs UCLEAR POWER re- The various types of nuclear reactors which can From these data itisimmedi- 
4 fers to energy created be used with the advantages and disadvantages ately discernible that the bulk 
: by the process of fission. of each, the abundance of nuclear versus fossil of fission energy takes the 
‘Tt is well known that fission fuels, and the costof nuclear power are discussed. form of heat and that the maxi- 


‘is the splitting up of a heavy 
nucleus, after impregnation 


by a neutron, into two roughly equal fragments and several 
extra neutrons. Concomitantly, beta and gamma radia- 
‘tions are given off. The three common fissionable mate- 
‘rials are Uranium 235, Plutonium 239 and Uranium 233. 
The division of energy among the various products for a 


typical Uranium 235 fission is as follows: 
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Figure 1. A typical nuc 
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mum electric energy obtain- 
able per fission is 5 megelec- 
tron volts. Since only a fraction of the beta particles could 
be collected in any known fission configuration, however, 
the practical limit of direct electric energy is much lower— 
almost insignificant. For this reason little hope is held out 
for direct conversion of nuclear energy to electricity. 
Several firms, notably the Radio Corporation of America, 
hold patents on direct conversion processes, but no power 
applications are envisaged. 
To utilize fission energy on a macroscopic scale, a nuclear 
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reactor is employed. A nuclear reactor is a device to initi- 
ate, maintain, and control a fission chain reaction, produc- 
ing heat gradually not explosively. When it replaces the 
boiler of a conventional power plant, then the plant be- 
comes a nuclear power plant. The fundamentals of reactor 
design are undoubtedly familiar. ‘Two of the many varia- 
tions possible are shown in Figures 1 and 2. 

The first major question encountered, therefore, in any 
discussion of the nature of nuclear power is what kind of 
reactor will be used. 

Nuclear reactors may be classified in any of the follow- 
ing ways. Although other breakdowns are possible, these 
are the major ones: 


1. Fast versus thermal 

2. Heterogeneous versus homogeneous 

3. Nonregenerative versus regenerative 

4. Ordinary coolants versus liquid-metal coolants 


A fast reactor utilizes the nascent neutrons from fissioning 
nuclei directly; that is, they are collided with secondary 
fissionable material before they have lost much of their 
energy. Athermal reactor employs a moderator to slow 
the neutrons down before they are collided with secondary 
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fissionable material. 
entiation. 


Of course, this is a statistical differ- 
Some fast fissions occur in a thermal reactor and | 
vice versa, but the numbers are relatively small. 

A heterogeneous reactor is one which separates the fuel 


from the moderator and the coolant. Usually the fuel is 
fabricated in definite shapes. A homogeneous reactor mixes 
all three (or two in the case of the fast type) intimately, 
often in liquid form. 

A nonregenerative reactor is one which ‘“‘burns” nuclear 
fuel but does not replace it. A regenerative reactor replaces 
part or all of what it burns, by transmuting fertile material 
to fissionable material. The special type of regenerative 
reactor which replaces all of what it burns, and which might 
eventually be made to produce more than it burns, is the 
breeder. 


Liquid-metal coolants permit operation at higher tem- 


peratures than do ordinary coolants. This tends to in- 
crease over-all efficiency and to decrease the turbogenerator 
investment required. 


Much development work remains to be done before it can | 
be demonstrated conclusively which combination of these. 


categories is best suited for the production of power. 


| 


This fact is exemplified by the first-year reports of the first | 
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four teams in the Industrial Participation Program. The 
; reports* reflect a diversity of opinion on this subject both 
4 within and outside the Atomic Energy Commission (AEC). 
_ Please note that these designs are for dual-purpose re- 
_ actors only— that is, reactors producing both plutonium and 
_ power. The Program recently has been directed toward 
: power-only reactors and new designs undoubtedly will be 
_ forthcoming as the studies continue. A fifth group was 
E added to the Program last year (Pioneer Service and Engi- 
- neering Company of Chicago and Foster Wheeler Corpora- 
_ tion of New York) and is preparing a power-only survey 
_ report at this time. Other groups are expected to come into 
- the Program very shortly. At present, 36 companies are 
_ active. 
| The nuclear power plant designs selected by the indus- 
_ trial participation groups are among those considered prom- 
_ ising by the AEC as attested by projects now underway: 


The pressurized-water type is being explored by de- 
velopment of the Submarine Thermal Reactor, the 
prototype of which recently went critical at the National 
Reactor Testing Station in Idaho, and by various 
laboratory projects investigating advanced features of 


4 


i i SS 
* Unclassified versions of these reports were released to the public on May 3ist and can 
be purchased from the Government Printing Office for $.25. Table I summarizes the 

* designs studied by these groups to date. 


design. In addition, studies leading to a pressurized- 
water large ship reactor have been conducted. Follow- 
ing the recent recommendations of the Department of 
Defense, the latter are being reoriented to lead to a 
reactor for a central-station power plant. 


The sodium-graphite design proposed by Monsanto 
Chemical-Union Electric has been carried to an ad- 
vanced stage by a Commission contractor, North 
American Aviation, Inc. Sodium cooling has been 
tried out in connection with the Submarine Intermediate 
Reactor being developed and constructed by the Knolls 
Atomic Power Laboratory. 

That a fast breeder design is practicable recently has 
been proved by the Argonne National Laboratory 
(ANL). The Experimental Breeder Reactor, con- 
structed at the National Reactor Testing Station under 
ANL supervision, and operating in the fast neutron 
range with sodium-potassium coolant, has just been 
announced to be successful. 


One type of reactor not covered by the first industrial 
participation studies is the homogencous reactor. Success- 
ful operation of the Homogeneous Reactor Experiment 
(HRE) at the Oak Ridge National Laboratory since the 
spring of 1952 increases confidence in this type. Oak Ridge 


Table I. Reactor Designs Studied by Industrial Participation Contractors for Regenerative Dual-Purpose Reactors 


Reactor Neutron 
Group Designation Energy Fuel Moderator Coolant 
aa ee 
Commonwealth,..Helium-...... Thermal, .Natural uranium. .Graphite. . Helium. ..384.. 
Edison and graphite 
Public Service reactor 
of Northern (HGR) 
Illinois - : 
Pressurized. . . Thermal, . Natural uranium. . Heavy... .Heavy....388.. 
heavy water water 
water 
(PHW) 
Pressurized. .Thermal, . Slightly enriched. . Light. . PRALAGhe ss. 09. 
light water uranium water water 
(PLW) 
Bechtel and...... Pressurized. . . Thermal. . Natural uranium. .Heavy....Light....384.. 
Pacific Gas heavy and water water 
and Electric light water 
(PHLW) 
Fast breeder. .Fast..... Highly enriched...None..... Sodium,..600.. 
reactor uranium 
(FBR) 
Monsanto and... .Sodium-...... Thermal. .Slightly enriched . . Graphite. .Sodium. .300.. 
Union Electric graphite uranium, 0.83 
reactor per cent, 232 
(SGR) tons 


Thermal. .Slightly enriched. . Graphite. .Sodium,. .390. . 


uranium, 0.95 
per cent, 232 
tons 


Thermal. . Slightly enriched. . Graphite. .Sodium. .300.. 


uranium, 232 


tons 
Detroit Edison.... Low melting. .Fast..... Highly enriched...None....- Sodium, . .400 
and Dow alloy uranium or 
Chemical Co. fuel fast plutonium 


breeder 


Note: All designs call for plu 
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Power Cylindrical Estimated 
Tempera- Net Core Cost of Plant 
ture, Gross Capac- Diam- Total Dol- 
Degrees Heatin ityin eter Height Millions lars 
Fahrenheit Mega- Mega- in in Pressure of per 
Out watts watts Feet Feet Vessel Dollars Kw Remarks 


650% — 350.65 ATs 0 Sb ees 20...Sphere, 44feet 40...850. .Short-term devel- 


diam., 147 opment. Not 
pounds per promising 
square inch 

AAO... 1, 064...211).. oi cenircinesis ss Sphere, 20feet 118...560. .Short-term devel- 
diam., 800 opment. Heavy 
pounds per water at $80 per 
square inch pound 

440. .1,243...246....:.-.se0eeeee Cylinder, 12.. 73...297. .Short-term devel- 
feet deep, 39 opment 


feet high, 800 
pounds per 
square inch 


BOO U0 ea LO ee ots Uae 11...Not designed.. 41...405..Short-term devel- 
opment. Heavy 
water assumed 
to cost $80 per 
pound 


900). 500% d45i0(0. Sonar 3...Notrequired.. 51..,350.. Long-term devel- 
opment. Con- 
siderable devel- 
opment needed 


605..1,000...210....35..... 20...Not required.. .100...476 Medium-term de- 
ieee velopment. 

prism Some develop- 

ment of liquid 

metal technol- 


900. .3,000.. 554... .ccncescccene Not required. . .156.. .282 ogy needed 
B25 OT Dated 20 Mier L Olreicin 15...Not required.. 60...480 
octagonal 
prism 
.1,000.. 600...200.... 3..... 3...Notrequired.. Not yet ..Long-term devel- 
estimated opment. Ad- 


vanced design 


tonium production in addition to electric power. Uranium 238 is the fertile material for all. 


Landis—Nuclear Power 801 


is proceeding with research and development in this connec- 
tion and in March of this year utilized the HRE to operate 
a 150-kw electric power plant. 

Because it would provide high power density, facile proc- 
essing and reconstitution of the fuel, and increase the exist- 
ing fuel supply, the fast homogeneous breeder long was 
considered to be the ultimate objective of reactor develop- 
ment. Lately, however, reactor designers have learned that 
breeders may require such a large fuel investment that the 
fuel tied up would more than offset the fuel consumed in 
certain regenerators over a significant period of time. Asa 
matter of fact, any fast reactor (and most breeders fall in 
this category) may require too much initial fuel investment 
to make it economical. Moreover, completing the reversal 
of form, maintenance is still so big a question with regard to 
the operation of those homogeneous reactors which circu- 
late the fuel outside the core that even the trend toward 
fluid fuels is being re-examined. 

The foregoing discussion emphasizes that power-reactor 
design is in a state of flux. The best that can be done in 
any unclassified discussion at this time is to present lists of 
the advantages and disadvantages of the various reactor 
classifications given above. Which of these factors will 
be most important cannot be predicted. These lists, in- 
cidentally, are the outgrowth of both AEC and industrial 
studies. They are by no means complete, but will serve 
as an indication of the large number of problems which 
arise in reactor design. 


List I 


Fast 


Large fuel investment required 
Control problems relatively difficult 
No moderator needed 

Need fuel diluent 

High power density per unit volume 


Thermal 
Small fuel investment required 


Moderator may be expensive 


Low power density per unit volume for 
high-Z moderators 

Circulating fuel impractical because of Heat removal ordinarily not difficult 
high concentration of fuel required 

Limited choice of coolants complicates 
heat removal 


Large minimum critical mass 


Wider choice of coolants simplifies heat 
removal 
Small minimum critical mass 


List II 


16 Heterogeneous 

Fabrication of complex fuel shapes some- 
times necessary 

Chemical processing involves removal of 
fuel elements with expensive and com- 
plicated apparatus, and special han- 
dling throughout various processing 
steps 

Fission products may build up to danger- 
ous concentrations 

No fuel-circulation corrosion problems 


Radiation damage may limit burnout 


List DI 3 } 


_—  Nonregenerative 
Useful only in certain power plants where 
value of fuel consumed is outweighed 
by unusual advantages of nuclear 
power 
Burnout limited to 1,000 megawatt-days/ 
ton per cycle 


Limits nuclear-fuel reserves to between 
1/, and 1/7 energy content of conyen- 
tional-fuel reserves 


List IV 


Ordinary Coolants 
(For example, Water) 


Require considerable pressurization for 
operation at power-plant temperatures 


Material is cheap 


Losses are not important 


Conventional equipment often can be 
used 


Homogeneous (Fluid Fuels) 


Fuel usually supplied in simplified, some-_ 
times liquid form 4 

Fuel may be processed continuously A 

Selective removal of fission products and | 
plutonium possible without handling ~ 
uranium 

Fission products do not build up 


Corrosion and container difficulties are 
paramount 

Fuel may be added continuously to ex- 
tend burnout 


{ 
| 
. 


Regenerative 


Replaces part or all offuel consumed, but 
sometimes reclamation is expensive 


Burnout is limited by products desired, — 
but usually is greater than for non- 
regenerative case 

Stretches nuclear-fuel reserves to 23 | 

times energy content of conventional- | 

fuel reserves | 
I 


Liquid-Metal Coolants 
(For example, Sodium) : 
Permit high-temperature operation with- 
out pressurization 
Become highly radioactive 
Possess higher thermal conductivities but 
lower heat capacities than does water 
Pumping costs are relatively high 
Special pumps required 
Special tubing and heat exchangers re- 
quired to prevent leaks 


A second major question with regard to the nature of 
nuclear power concerns the abundance of nuclear fuels. 
This question may be split into two parts: 


1. What kind of fuel will be used? 
2. Is enough available to support a large-scale industry? 


The basic nuclear fuels are uranium and thorium. 
These contain or can be converted into fissionable material: 


Uranium 235, Plutonium 239, Uranium 233. 


Uranium 


Table II. World Fuel Reserves as of January 1, 1950 
Material Reserves Source Unit Energy Total Energy 
Crude’oil..:..... 610-62'=3" 550 bil->. >. Weeks and Moulton. ...c. 0.4 0<sacccceciesucveus 0.400, OOO Btuy barrel. ssi ae irtet 351017 Btu 


lion barrels 


Natural gasoline. .11.5 billion barrels. . 


ratio ee one as for crude oil) * 
United States 


. American Petroleum Institute (assuming the same. . 


or 
4,300,000 Btu/barrel 


6,400; 000) Btw /barrelly veces arsisciveiaie 


eiatetar 0.74X 1017 Btu 


or 
0.491017 Btu 


40X1017 Btu 
6X1017 Btu 


=~ 82101’ Btu subtotal fluid fuels 


72X1018 Btu 


**** 3801018 Btu total conventional fuel 


Bb aecns 17X 1020 Btu 


Shale oily 2.2) 35. 620 billion barrels, ...United States Bureau of Mines (assuming the..6,400,000 ..Btu/barrel.................. 
i World “ 
same ratio——_—H as for crude oil 
United States 
Natural gas...... 560 trillion cubic feet. .American Gas Association (assuming same ratio. .1,000 Btu/cubic foot...........ceeceeeeees 
World p 
——_——— as for crude oil) 
United States 
‘Goaliye Ares aaascioe 3,482 billion tons.....United States Bureau of Mines.............-..4 Anthracite 12,700 Btu/pound 
United States Geological Survey Low-volatile bituminous 14,000 Btu/pound 
High-volatile bituminous 13,500 Btu/pound... 
Sub-bituminous 9,500 Btu/pound 
Lignite 6,700 Btu/pound............. 
cami oc. = 25 9< 106 tons, odes oe AEC (Division of Raw Materials)............... 200 megelectron volts/fission......... 
: 3.51010 Btu/pound = 1,300 tons of coal 
SEBOrIInIE sie cit 106 tong... . ose. ad AEC (Division of Raw Materials)............... 200 megelectron volts/fission......... 


POTS 0.711020 Btu 
3.5X1019 Btu/pound = 1, 300 tons of coal 


=~ 181020 Btu total nuclear fuels 


* 26.2 per cent. 


Note:™ Approximately 23 times as much energy in the world’s nuclear fuel reserves as in conventional-fuel reserves. 


All this assumes complete “burn-up”—or breeding or conversion ratio of 1:1, 
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If no conversion assumed, divide by 140. 
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ELECTRICAL ENGINEERING 


235 is the only fissionable material found in nature; it con- 
‘stitutes one part in every 140 parts of natural uranium. 


reactor designs come to within a few mills per kilo- 
watt-hour of the national average for the cost of conven- 


_ The remaining 139 parts are Uranium 238. Plutonium 239 
is produced from Uranium 238 by suitable transmutations. 
_ This is what the Hanford reactors are operated to accom- 
: plish. Inasimilar way Uranium 233 can be produced from 


tional power production. In computing nuclear power 
costs the following assumptions are made: 


1. That ore costs $20 a pound and that enrichment is 


_ thorium. 
_ Uranium and thorium are not as plentiful in terms of 
- total mass minable at a reasonable cost as are the fossil fuels, 
‘coal, oil, and natural gas. Since a breeding or conversion 
ratio of one to one is attainable, however, the energy in 
one pound of uranium is so much greater than that in one 
pound of coal (one pound of uranium is equivalent to 1,300 
tons of coal) that the total energy residual in the uranium 
and thorium reserves is approximately 23 times as great as 
_ the total energy residual in the fossil-fuel reserves. A break- 
_ down of this comparison is given in Table II. The obvious 
conclusion is that availability of raw materials will place no 
_ limitation on the expansion of the budding nuclear power 
_ industry. 
A third and last major question has to do with the cost 
of nuclear power. Paper studies indicate that several 


based on this price. 

2. That nuclear reactors for power plants can be op- 
erated for at least 20 years. 

3. That standard electrical utility bookkeeping applies— 
namely, 5.5 per cent for profit, 4.8 per cent for taxes and 
insurance, and 3.5 per cent for amortization (20-year 
sinking fund). 

4. That nuclear power will be used for base load with a 
plant factor of 80 per cent. 


Thus, assuming that a reasonable amount of technical 
progress comes to pass in the interim, appreciable blocks of 
competitive power with nuclear reactors should be produced 
by the year 1963. It is relatively certain that there will be 
no fuel shortage to curtail production, but the particular 
designs which may be desired have not as yet been crystal- 
lized. 


Unique Outdoor Hydroelectric Plant 


H. E. RHOADES 


MEMBER AIEE 


OCATED a half-mile 

below the Falls of St. 

Anthony, on the Missis- 
sippi River at Minneapolis, 
Minn., Lower Dam Hydro 
Plant consists of ten indi- 
vidually housed, 800-kw, 
vertical synchronous units 
directly connected to 1,140- 
horsepower, fixed-blade, propeller-type turbines operating 
at 23.5-foot head. Generators are protected from frosting 
and condensation by thermostatically controlled electric 
heaters, drip baffles, and drains. Generator-intake and 
-exhaust ventilating air ducts are relatively long, with 
180-degree bends and screened, downward-faced open- 
ings to prevent entrance of snow, rain, and other foreign 
matter. Thrust bearings are forced-oil-cooled with heat 
exchanger submerged in each headrace. D-c motors sup- 
plied from the control battery relieve vital equipment 


ee SS 
pee ee 


“Uni i ” ded by the 
Full text of paper 53-220, “Unique Outdoor Hydroelectric Plant,” recommended 

AIEE Caen on Power Generation and approved by the AIEE Committee on 
Technical Operations for presentation at the AIEE Summer General Meeting, Atlantic 


City, N. J., June 15-19, 1953. Scheduled for publication in AIEE Transactions, volume 
72, 1953. 
H. E. Rhoades is with the Northern States Power Company, Minneapolis, Minn. 


SEPTEMBER 1953 


This plant is the first hydroelectric installation 
in the upper midwest area subject to a tempera- 
ture range of +105 to —30 degrees Fahrenheit. 
Built into the masonry substructure of a retired 
10-unit plant, economics, climate, and the site 
dictated the incorporation of design features 
and innovations to assure all-weather operation. 


Rhoades—Hydroelectric Plant 


from dependence 
station auxiliary supply, and 
oil-actuated brakes eliminate 
the freezing hazard inherent 
in a compressed air system. 
The plant is remotely super- 
vised and controlled through 
a multiple conductor, syn- 
thetic insulated underground 
cable from another hydro plant 1/2 mile upstream. Any 
combination of units can be selected optionally for full 
automatic operation controlled by a float in the head water 


on a-c 


pool. 

Running or shut down, the units have not been adversely 
affected by any weather experienced since the first unit 
went into service in July 1952. 


SITE AND REASON FOR RECONSTRUCTION 


al bee Engineer Corps, Department of the Army, is now 
engaged in an extension of the Mississippi River 9-foot 
navigation channel at Minneapolis, Minn., from its present 
terminus about 1 mile below the Falls of St. Anthony to 
harbor areas in North Minneapolis upstream from the 
Falls. The Government’s plan, known as the Upper 
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LOWER DAM 


EL. 750.0 


Plan of plant site, old dam which will be removed, and 
new government dam and lock 


Figure 1. 


Harbor Navigation Project, involves channel dredging, 
construction of a lower lock with a 25-foot lift and a new 
dam adjoining the Lower Dam Plant, an upper lock with a 
50-foot lift through the Falls of St. Anthony, and alteration 
of railroad and city bridges to provide navigational clear- 
ances. 

The old Lower Dam Hydroelectric Plant, a 10-unit 35- 
cycle installation, built in 1897 for street railway service, 
was shut down in July 1950 to make way for an early phase 
of the Government’s construction program which included 
lowering the plant tailrace water level 41/4 feet. 

The condition of the 53-year-old, horizontal, revolving 
armature generators, associated electric and mechanical 
equipment, and the increased head were principal factors 
in the decision to remove the plant from street railway 
service and reconstruct it for interconnected system opera- 
tion at 60 cycles. 

Utilization of the old plant substructure was desirable 
economically, and of several designs considered, the most 
feasible was the installation of vertical single-runner units 
centered on the old multiple-runner turbine settings, out- 
side the existing powerhouse. 

Remodeling and construction work from shutdown of the 
old plant to in-service date of the first new unit in July 1952 
required 24 months. 


COST COMPARISON FACTORS 


o determine whether the generator installation should 
be indoor or outdoor, synchronous or induction, these 
factors were considered: 


1. New powerhouse building for indoor generators. 

2. Weatherproof housings for outdoor generators. 

3. Additional heaters for outdoor units. 

4. Alterations to existing powerhouse for indoor 
switchgear. 

5. Average generator erection costs. 

6. Additional d-c equipment and control required for 
synchronous generators. 

7. Amortized charge against induction generators for a 
minimum 2-per-cent lower efficiency, 

8. 9,000 kva of static capacitors for induction gener- 
ators. 
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9. Amortized credit to induction generators for sta 
capacitor reactive kilovolt-amperes when plant is shut dowr 
10. Lower-interrupting-capacity circuit breakers fos 
induction generators if circuit breaker opening on fault 1 
delayed eight cycles and transformer impedance increasec 
to 8 per cent. 


The estimated value of each factor is listed categoricall 
in Table I. The totals of each column were added ta 
manufacturers’ bids, and cost comparison on this basis was < 
major factor in the decision to install outdoor syndic 
units. a 
Table I. Cost Comparison Factors, Estimated Values in Dollars 


800 Kw Synchronous 800 Kw Induction | 
Outdoor Indoor Outdoor 


Indoor 


$40,000) 
1,000 } 
10,000 

saiaeevere : .. 16,000.. 20,000) 

Equipment and control.............. 14,000.. 14,000 | 

Reduced) efficiency change. 712. + sits eal “ae aie aes 30,000.. 30,000 } 

Capacitors—9000UK Var oc icsccermieis cievaue) ciel) = late et teks aspect aeons 45,000.. 45,000) 

Capacitor kvar availability............ 10,000.. 10,000 ; 
Higher interrupting capacity breakers... 10,500.. 10,500 . 

Motalicrccyemiatetoe cretoieley cia ets kersintis elas $127,000. .$106,500. .$166,000. .$146,000) 


DESIGN AND CONSTRUCTION 


Generators. Power is generated by ten outdoor 875-kve 
800-kw 225-rpm 4,160-volt 60-cycle vertical generators: 
with direct-connected 125-volt exciters. The generators 
and housings were designed specifically for the installation 
and are believed to be the first outdoor hydroelectric units 
in this climatic area. 

The principal weatherproofing features incorporated in 
the design are 


1. Steel weatherproof housing with neoprene-gasketed 
vertical-joint sponge-rubber compression seals on access 
door, and bolted-base joint sealed with nonhardening 
mastic. | 

2. Ventilating air ducts with extensions and 180-degree 
bends to eliminate entrance of snow or rain. 


Figure 2. Adaptation of headworks, tailrace, and balcony of old. 
plant to new installation: simplified partial cross section through 
one unit 
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igure 3. Shop 
view of generator. 
Stator terminal 
connection box on 
front, bearing- 
temperature and 
thrust-tank oil- 
level indicators 
above thrust-bear- 
ing supports, field 
failure relay box 
on exciter, and en- 
closed centrifugal 


2 
= 


“4 


r 


speed switches 
above exciter 


3. Air-duct openings screened against insects, birds, 
animals, and wind-blown trash. 
4. Thermostatically controlled electric heaters to mini- 
mize frosting and condensation. 

5. Drip baffles and drains to shield generator and ex- 
citer from condensed moisture. 


Generator and exciter frames, bearing brackets, and 
sole plates are of steel plate, fabricated by welding. The 
field spider is the only large casting in the generator, and is 
an inverted-cup type to bring the generator shaft coupling 
face above the generator base. This feature permits mov- 
ing the housed generating unit to one side without opening 
or lifting, for removal of the turbine shaft and runner. 
Generators have self-aligning, articulated-shoe thrust bear- 
ings designed for 51,000 pounds external load. 

The original design contemplated cooling both generator 
and thrust bearing with air, but proved impractical for the 
thrust bearing. A copper tube heat exchanger was sub- 
merged in each headrace, with no fittings below water, and 
oil from the thrust bearing oil tank circulated by a positive 
pressure pump driven by a 3-phase 1 /2-horsepower motor 
which starts and stops with closing and opening of the 
generator circuit breaker. Piping for the heat exchanger is 
so arranged and vented that no serious loss of thrust bearing 
oil will occur if a leak develops. 


Turbines. ‘The turbines are 1,140-horsepower, direct- 
connected, fixed-blade propeller type, with a discharge 
capacity of 486 cubic feet per second at efficient gate and 
23.5-foot head. Each turbine has a submerged lignum 
vitae guide bearing on the upper headcover, designed 
originally for water lubrication. Initial operation dis- 
closed excessive wear of the lignum vitae bearing blocks and 
scoring of the stainless-steel sleeve upon which these blocks 


bear. | 
Tests indicated a maximum vacuum of 3.3 inches of 


mercury in the bearing housing at 60-per-cent gate opening, 


which presumably drew in large quantities of water, de- 
posited silt within the bearing box, and resulted in rapid 
wear of blocks and sleeve. 

Of several suggested remedies, two are being tested. On 
nine units, flexible synthetic-rubber shaft seals have been 
placed in the top and bottom of the bearing box and the 
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box filled with a lithium-soap-base grease. Additional 
lubricant can be added through a pipe which extends above 
the operating deck. The tenth unit is equipped with an 
oil-lubricated babbitt bearing of the dry-well type, accomp- 
lished by extending a steel cone from the operating deck 
to the turbine upper headcover, with all joints gasketed or 
welded. The dry well is provided with an automatic 
sump pump. 


Gate Actuators. There are no governors on these units. 
The gates are operated by an individual d-c motor driving a 
double worm-reduction gear, and require 15 to 20 seconds 
from full-close to full-open position or vice versa. ‘These 
mechanisms are equipped with torque switches to prevent 
damage to the motor, gates, or mechanism, if foreign objects 
become lodged in the gates. D-c motors were chosen to 
eliminate dependence on an a-c source which might be lost 
at a critical period. 

The gate-operating mechanism has two limit switches; 
the first stops gate opening travel at 40 per cent and returns 
control to the remote station operator, the second limit 
switch can be set for any value up to 100-per-cent gate. 


Brakes. Each generator has two piston-type oil-actuated 
brakes which are applied automatically by a solenoid- 
operated valve when the gates are fully closed and machine 
speed has dropped to 50 per cent. 

The braking system is supplied by a common header at 
100 pounds per square inch from a d-c motor-driven pump 
with a small air-cushion chamber and an unpressurized 
return tank. Air was ruled out as a braking medium to 
eliminate condensate freezing in cold weather, and the oil 
used in the brake system is a type developed for winter use 
in outdoor hydraulic cylinder applications for bulldozers 
and dump trucks. The generator rotor can be raised by a 
manually operated jacking pump after shutting off the 
individual generator feed and return brake lines. 

All piping and fittings in the braking system are welded 
throughout, with the exception of ground joint unions in the 
supply and return lines to each generator. That part of 
the brake piping subjected to jacking-pump pressure is de- 
signed for 1,000 pounds per square inch. 


Figure 4. Shop 
view with outdoor 
housing in place 
over the genera- 
tor. Housing fits 
in annular groove 
of generator 
frame, sealed with 
mastic after bolt- 
ing. Note long air 
discharge ducts 
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Figure 5. Lower- 

ing the housing on 

the generator dur- 
ing installation. 


The 4,160-volt generator bus 


Mayor Electric Connections. 
is divided into two sections which may be tied together by a 


nonload-breaking dummy circuit breaker. Normally this 
tie isin the open position. ‘To each section of the 4,160-volt 
bus are connected five generators, and an outdoor 3-phase 
3,750/4,687-kva 4.16-13.8-kv  oil-insulated _forced-air- 
cooled transformer connected grounded Y on the low- 
voltage side, delta on the high-voltage side. Each of these 
banks is connected on the high-voltage side to a 3-phase 
lead-covered gas-filled cable, which runs in tunnels and 
underground duct work to tap into an underground cable 
between the controlling plant and a distribution substation. 
Built into a steel enclosure on the front of each transformer 
bank is a double-throw 3-phase gang-operated disconnect 
mechanism by which either transformer can be connected 
to its own or the other 13.8-kv line. The disconnects are 
interlocked to prevent operation unless the bank low- 
voltage breaker is open, and they have arc chutes for break- 
ing transformer magnetizing current. 

The transformer and generator draw-out-type air circuit 
breakers, exciter rheostats, protective and remote control 
equipment, and the 4,160-volt bus are mounted in 23 metal- 
clad switchgear cubicles bolted together in a continuous 
structure. Two units are required for each of the gener- 
ators and one each for the transformer banks and the bus tie 
dummy circuit breaker. Relays, instruments, meters, and 
local and transfer control switches are mounted on the 
front of the switchgear line. 

The switchgear, control battery, charging set, annunci- 
ator, contactors, and power switches for the gate-operating 
mechanisms, lighting panel, and terminating panel for a 
100-pair control cable are indoors on the unheated control 
balcony of the old plant. There is also a small electrically 
heated room for use of maintenance crews. 


Station Auxiliary Supply. Station auxiliary power at 120/ 


240 volts is supplied by a bank of two 37.5-kva transformers 
through disconnecting fuses from the number 2 section of 
the 4,160-volt bus. 
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Miscellaneous Auxiliaries. A mechanical trash rack r. 
with manual travel and motorized rake hoist is mounted 
narrow-gauge tracks parallel to the racks. Power for the 
hoist motor is supplied through a spring-retracting cable 
reel on the rake with sufficient cable for travel half the 
length of the rack section. Two plug receptacles on th 
headworks serve the motor cable. 

A manually operated traveling gantry crane, mounte 
on rails on the headworks, and a part of the original pla 
equipment, will be electrified for crane travel and equippec 
with a 5-ton electric hoist. This crane will be served by < a 
cable reel and plug outlets similar to the mechanical tras h 
rack rake. 4 


REMOTE SUPERVISION AND CONTROL 


ae COMPLEMENT OF instruments and controls is pro- 
vided at Lower Dam Plant for local control under 
abnormal conditions but there are no operators as sucl 
assigned to the plant. Normal control and supervision 1 
effected remotely through 100-pair 19-gauge synthetic- 
insulated underground cable which follows the same route 
as the 13.8-kv cables from the Lower Dam Plant to mal 
Street Hydro Plant, the controlling station. 


Equipment. Supervisory panels at Main Street Plant 
provide the following: 


1. Continuous instrument indication of: watts, vars, 
and amperes of both transformer banks; single-phase volt- 
age of each bus section; graphic pond level; watts, vars, 
amperes, and gate position on any two selected units, one om 
each bus section. . 

2. Lamp indications of: ten generator and two trans- 
former bank circuit breakers continuously; field rheostat 
limit, gate limit, unit on float control, and instrument indi- 
cation and control point, on any two selected units, one om 
each bus section; nine annunciator alarms. . 


Operation. ‘To guard against inadvertant operation by, 
induction, short circuits, or grounds, the controlled plant 
battery is applied to the remote control system by a me- 
chanically coded signal initiated by the controlling station 
operator, and is automatically disconnected after a 20- 
second interval. 


Outlet trans- 
Generator air intake ducts 
are flat mushrooms shapes on each side of the generators. Norma} 

pond level will be two feet below the top of the racks 


Figure 6. View of the plant during construction. 
formers at left of the old powerhouse. 
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Note tailrace 


A igure 7, Old powerhouse from downstream side. 
E tunnel openings, new government dam at center, and the old 


Lower Dam at left center 


_ A.unit can be started by remote control if the following 
_ conditions prevail at Lower Dam Plant: control transfer 
: switch on “remote,” generator circuit breaker open, 50-per- 
~ cent speed switch deactivated, exciter field contactor open, 
-exciter field rheostat in cam-positioned prestart position, 
_ bearing thermal relays and lockout relays reset, and control 
_ power on the remote control system. 
Operation of the start button at the controlling plant will 
now pick up the master relay on the selected unit, start an 
_ automatic sequence timer, and energize the gate-opening 
circuit. The gates will open to 40 per cent, where they are 
stopped by a gate-limit switch. When the machine 
reaches. 95-per-cent synchronous speed, a_ centrifugally 
operated speed-switch will close the generator circuit 


breaker. An auxiliary contact on the generator circuit 


breaker closes the exciter field contactor and the generator 
and exciter then build up and lock the unit into step with 
the system. Field failure relay cannot pick up until 
generator circuit breaker is closed, and time delay is intro- 
duced to allow field to build up after the generator goes on 
the line. Another auxiliary contact on the generator cir- 
‘cuit breaker starts the thrust-bearing cooling system pump. 
When the exciter field contactor closes, control of the 
motor-operated exciter rheostat is returned to the remote 
operator, and when the incomplete sequence timer stops, 
control of turbine gates also is returned to the remote 
operator. 

Shutdown is approximately the reverse of the starting 
sequence, and_as the generator slows down brakes are 
applied automatically when the turbine gates are fully 
closed and the unit has dropped to 50-per-cent speed. A 
pneumatic timing relay releases the brakes in 30 seconds. 


PROTECTION 


ROTECTIVE devices result in shutdowns in the follow- 
P ing categories: 

Normal Load Rejection and Shutdown. Bus overvoltage, 
time overcurrent, overspeed (285 rpm), or failure of the 
field contactor to close before the incomplete sequence 
timer stops, sequentially will close turbine gates to 40 per 
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cent, trip the generator circuit breaker, completely close the 
turbine gates, and shut down the unit. 


Normal Load Rejection, Shutdown, and Lockout. Generator 
bearing overtemperature will cause the same sequential 
operation described in the preceding paragraph, plus lock- 
out. In each generator housing are three manually reset 
thermal relays, one each for generator thrust, and upper 
and lower guide bearings. Operation of any one of these 
will trip a manually reset lockout relay on the generator 
panel. 


Emergency Load Rejection, Shutdown, and Lockout. Differ- 
ential fault, instantaneous overcurrent, phase unbalance, 
bus section fault, or field failure immediately will trip the 
generator circuit breaker, causing load rejection, shut- 
down, and lockout through a separate manually reset 
lockout relay. A bus section fault or transformer differ- 
ential fault will trip and lock out a transformer bank, and 
cause loss of all running machines on the affected bus sec- 
tion. Line overcurrent will cause similar tripping without 
lockout. If the bus-tie dummy circuit breaker is in the 
closed position or both transformer banks are connected to 
one line through their 13.8-kv gang-operated disconnects, 
a bus section fault, a transformer differential fault, or line 
overcurrent will affect all equipment on both sections. 


Alarms. There are 23 separate alarm signals on the 
Lower Dam Plant annunciator panel. These are re- 
grouped into nine alarms at the Main Street Plant. 


AUTOMATIC OPERATION BY POND LEVEL FLOAT 


late COMPLETION OF the Upper Harbor Navigation 
Project, regulations will require maintenance of the 
pond level between limits of +-0.6 and —0.4 feet of normal, 
within the plant discharge capability. 

To eliminate constant vigilance by the remote operator, 
any combination of units may be selected to operate auto- 
matically from a contact-making pond level float. Al- 
though all machines on float control will be affected when 
either float limit is reached, a 5-second maximum time de- 
lay cascades each successive gate mechanism operation to 
reduce demand on the control battery. 


Hydroelectric Development 


The United Nations Economic Commission for Europe 
has reported that 16 countries attending its Electric Power 
Committee session have adopted unanimously a recom- 
mendation designed to overcome difficulties which might 
arise from the development and utilization of rivers of in- 
terest to two or more countries. Under the recommenda- 
tion to European Governments, a State proposing to em- 
bark within its own territory on projects which may affect 
the territory of other States should first inform the States 
concerned of the nature of the effect. Negotiations could 
be opened then between the parties in the interest of har- 
monious hydroelectric development. 
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Cathode-Ray Synchroscope and Automatic Synchronize 


M. ABDEL-HALIM 


MEMBER ATEE 


ODAY ELECTRONICS IS forging a silent evolu- 

tion in all fields of industry; and the modern tendency 
in power generating stations is to have the control gear 
operating electronically whenever possible. 

An electronic synchroscope has been developed, con- 
sisting essentially of a cathode-ray tube which utilizes the 
bus-bar voltage to make the beam trace a circle or ellipse. 
The incoming line voltage is used to give two pulses dis- 
placed by 180 degrees, and occurring at certain defined 
instants of the cycle. The pulses are superimposed on the 
Y-plate deflecting voltage. The circle thus will have two 
pips as shown in Figure 1, whose positions depend on the 
instantaneous phase difference between the bus bar and 
incoming line voltages. When these two voltages have 
different frequencies the pips will be seen to move round 
the circle, in the same manner as the pointer of an ordi- 
nary synchroscope rotates. At the correct instant for syn- 
chronization, when the two voltages are in phase and of 
equal frequencies, the pips will be stationary at two cer- 
tain defined points, which can be made to occur exactly on 
the Y axis of the tube by a suitable arrangement of the 
circuit. One of the pulses may be suppressed to avoid 
confusion. 

The pulses are obtained simply by the use of a small 
saturated transformer. Correction for the phase displace- 
ment of the pulses is effected by adding a phase-shifting cir- 
cuit, so that the two pips will lie exactly on the Y axis at 
the correct instant for synchronization. 

An alternative method is to apply the pulse transformer 
output to the grid of the tube, which is biased so that the 
trace disappears when the pulse voltage falls a few volts 
below the positive peak value. A single rotating spot is 
seen then to describe a circle on the screen, and the correct 
instant for synchronization is when the spot is stationary 
on the upper part of the Y axis. 

The actually developed experimental synchroscope has 
proved to be easy to make, adjust, and operate; to be cheap 
and robust. Its accuracy is the same as normal synchro- 
scopes or even better, and it is not liable to errors, stick- 
ing, damage, and so forth. 


Figure 1. Circular trace 

appearing on screen of 

cathode-ray 
scope 


synchro- 
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Figure 2. Commutatin; 
electrodes of the specia 
cathode-ray tube for th 
automatic synchronize 


| 
i 


“> 


The automatic synchronizer uses a cathode-ray tub: 
working on the rotating-spot principle just outlined. Th 
tube is a special one in which the beam current, as it trace 
the ellipse, is commutated by two electrodes A and 4 
(Figure 2) replacing the screen of a normal tube. Th 
tube is normally biased beyond cutoff, and when the pulse 
are applied the positive pulse will cause a current to flow 
which will be collected by either electrode A or B depend 
ing on the instant at which the positive pulse occurs. 

At the correct condition for synchronization, the positiv, 
pulse occurs whenever the beam traverses electrode 4 
The current in A is used to operate a relay system whic? 
finally causes the synchronizing circuit breaker to close 
When the two voltages differ in phase by more than 
prescribed allowable limit, A will receive no current., 

When the two voltages are of different frequencies, th 
interception point of the beam when the positive puls 
occurs will be moving, and only a few pulses will fall o7 
electrode A. The angular width & of electrode A ani 
the angular pulse width W are so designed that when th 
frequency difference does not exceed a certain prescribe: 
allowable value 6, electrode A will receive two or mon 
consecutive pulses, while when the frequency difference ex: 
ceeds the allowable limit 6, A will always receive less thai 
two consecutive pulses. For this to be satisfied, then: 3 = 
4n65/f and W=8/2, f being the frequency of the statior 

The relay system connected to electrode A is designed t 
operate only when it receives at least two consecuti 
pulses. A convenient and reliable scheme is to connec 
electrode A to a quick-acting slow-releasing relay, whic 
in turn causes the operation of a slow-acting relay. T 
latter will make the synchronizing circuit breaker close. | 


Digest of paper 53-128, ““Cathode-Ray Synchroscope and Automatic Synchronizer: 
recommended by the AIEE Committee on Instruments and Measurements and approve 
by the AIEE Committee on Technical Operations for presentation at the AIEE Wint 
General Meeting, New York, N. Y., January 19-23, 1953. Scheduled for publicati¢ 
in AIEE Transactions, volume 72, 1953. j 
M. Abdel-Halim Ahmed is assistant professor, Faculty of Engineering, Foad I ur 
versity, Giza, Cairo, Egypt. | 
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ELECTRICAL ENGINEERI 


» 
OW-LEVEL electronic or electrical measurements 
= are particularly susceptible to errors introduced by 
external electromagnetic influences. In a laboratory, 
isolation from such interference usually is achieved by 
enclosing an area completely in copper or bronze screening. 
‘. Certain instrumentation, however, requires a higher degree 
of isolation than can be achieved usually in screened 
enclosures. Copper sheet has been used ordinarily to 
construct enclosures to meet these requirements. 
4 The cost of copper rooms is high. Not only is copper 
an expensive metal in short supply but it also requires 
tedious and correspondingly costly assembling techniques 
when used for shielded rooms. For these reasons a study 
to explore the use of less critical and less expensive ma- 
terials for the construction of high-performance rooms 
"was made. A review of the theory of shielding, together 
with an economic comparison of the various metals, 
pointed to the possible use of sheet steel. The shielding 
- effectiveness of any shielding medium is given by the sum 
of the reflection from the surfaces of the shield and the 
absorption loss within the shield. The absorption loss 
term often is used alone to determine the thickness of metal 


: 
a 
= 
4 


needed for a specific shielding performance. This can be 

given by 

d=0.114————. meters (1) 
aw Sup 


when s=desired shielding in decibels; f=frequency in 
cycles per second; y=absolute permeability of the shield, 
henry/meter; and p=conductivity of the shield, mho/ 
meter. 

To verify the predictions pointing to the use of steel, a 
steel-shielded room was constructed under contract to the 
United States Naval Civil Engineering Research and 
Evaluation Laboratory by the Stanford Research Institute. 

The room was built of 24-gauge Tran-Cor 72 sheet steel. 
Calculations, using data supplied by the manufacturer, 
indicated that this steel should offer an absorption loss of 
57 decibels at 15 kc and higher attenuations at higher 
frequencies. Although Tran-Cor 72 steel was used, other 
low-carbon steels such as Society of Automotive Engineers 
1010 would be satisfactory. 

The joints used in fastening the sheets together were 
made by braking the edges of the sheets into 2-inch 90- 
degree bends, which then were brazed. The braked 


 ————————EEE— 
_ Digest of paper 53-197, ‘“The Use of Sheet Steel for the Construction of Shielded Rooms,” 
recommended by the AIEE Committee on Instruments and Measurements and approved 
by the AIEE Committee on Technical Operations for presentation at the AIEE Summer 
General Meeting, Atlantic City, N. J., June 15-19, 1953. Scheduled for publication 
in AIEE Transactions, volume 72, 1953. 
A. M. Intrator, now with the General Electric Company, Syracuse, N. Y,, was for- 
merly with the United States Naval Civil Engineering Research and Evaluation Labora- 
tory, Port Heuneme, Calif. 
The author wishes to express his appreciation to Dr. D. I. Benedict for his efforts in 
directing the Stanford Research Institute program and to Dr, CG. R. Freberg for the 
suggestions which led to this investigation, 
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edges at the joints provided enough rigidity and structural 
strength for the room so that no supporting framework, 
except that necessary to compensate for the weight of the 
door, was required. 

The door was made of the same sheet steel as that used 
in constructing the wall panels. A solid rubber strip, 
fitted into a groove in the door jamb, cushioned a bronze 
contact strip which was soldered to the inner surface of 
the door around the periphery at the contact area. Slight 
flexing of the metal as the rubber tubing was compressed 
upon closing of the door provided a wiping action that 
kept the contacting surfaces clean. During the tests, iron- 
to-iron contact was found inadequate for shielding purposes. 
Its contact resistance was high enough to allow consider- 
able energy leakage through the door closure even when the 
iron surfaces were newly polished. 

Ventilators can consist of “wave-guide below cut-off” 
ducts arranged in a honeycomb fashion to form the inlet 
or outlet port. 

All electric power entering the room was filtered. The 
filter box was electrically connected to the outside of the 
shielded room at only one point to avoid circulating cur- 
rents in the room walls that would arise if multiple contacts 
were made. 

A magnetic dipole radiator was used to produce the test 
field. This was chosen because its field in the near region 
is effective in coupling to a low-impedance conducting 
sheet, and knowledge of the relative position of the loop 
in the room and the loop current are sufficient to calibrate 
and reproduce its performance. Although this technique 
might be difficult to use at very high frequencies because 
of the increased driving impedance of the loop, limitations 
in available funds prevented further exploration at higher 
frequencies. The results obtained with the loop radiator 
can be expected to give the minimum effectiveness of the 
steel as a shielding medium, since the difficulty with which 
the energy penetrates the shield decreases as the frequency 
is lowered. 

The measured attenuation of the room was found to 
be 46 decibels at 15 ke and greater than 160 decibels 
between 1 and 10 megacycles. Values are somewhat 
less than had been calculated. However, in the calcula- 
tions a permeability of 1,000 for the steel had been assumed. 
Subsequent measurements indicated that the relative 
permeability was closer to 500, which, when used, gave 
a calculated attenuation of 41 decibels. 

The test setup employed was one of shielding against the 
near field of a partially or completely closed loop carrying 
a large current. The near field of a current loop being 
a low-impedance field undergoes little reflection at metal- 
air boundaries and consequently provided the severest 
test conditions against which to shield. 
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INSTITUTE ACTIVITIE 


Middle Eastern District Meeting Stresses 


Region’s Industry in Coal and Oil 


The theme of the technical program of the 
Middle Eastern District Meeting to be held 
in Charleston, W. Va., September 29- 
October 1, 1953, will center on electrical 
aspects of the region’s coal, chemical, and 
power industries, as this city is in a highly 
industrialized area. Headquarters of the 
meeting will be the Daniel Boone Hotel. 

The address of welcome at the general 
session will be given by Governor William 
C. Marland of West Virginia. The keynote 
address will be presented by Miss Vivien 
Kellems, president of the Kellems Company, 
who is known for her stand against the with- 
holding income-tax law. AIEE Vice-Presi- 
dent W. B. Morton will present the District 
Prize Paper Awards. 


TECHNICAL SESSIONS 


There are 15 technical sessions scheduled 
and two sessions devoted to management 
problems, with emphasis on hiring and train- 
ing the young engineer for management 
responsibilities. These sessions should be 
valuable as sooner or later the electrical 


engineer must share and solve management 


problems if he is to advance in his profession. 

In the area of railway transportation three 
papers on diesel-electric locomotives will be 
given. Three sessions on power and one on 
power distribution and transmission will 
have papers covering low-voltage current 
limiting fuses; the high-voltage transmis- 
sion-generation system which is a description 
of the Appalachian System; 330-kv relaying; 
transmitters and receivers for power-line 
carrier; an a-c network calculator and how 
the utility engineer can employ it; and so 


forth. Three papers will be given on the 
protection of cables and in the mining ses- 
sions papers on motors, transformers, mine 
hoist drives, conversion apparatus and its 
operation, a mine locomotive, and others 
should prove of interest to engineers in that 
field. _ 

Monday, September 28, at 9:30 a.m., the 
Middle Eastern District Executive Commit- 
tee will convene for the annual business ses- 
sion. This meeting will be held at the Daniel 
Boone Hotel. This group will be served 
luncheon at 12:15, with the meeting recon- 
vening at 1:30 p.m. Walter B. Morton, 
Vice-President District 2, will preside. 

For members who plan to enjoy some of the 
scenic beauty of West Virginia, and thus ar- 
rive early in Charleston, a Hospitality Room 
will be provided at the Daniel Boone Hotel. 
This room will be open Sunday evening, 
September 27. Local AIEE members will be 
on hand to welcome the early arrivals. Asa 
further service to those arriving early, the 
Registration Desk will open at 8:30 a.m., 
Monday morning, in the Lobby of the Daniel 
Boone Hotel. 


INSPECTION TRIPS 


Several inspection trips have been planned 
during the meeting in order to show a cross 
section of the local industry. All members 
are urged to make one or more of these trips 
a part of their agenda at the meeting. Please 
make advance reservations in order that 
adequate transportation can be provided. 


7. Owens-Illinois Glass Company, Charleston, 
W. Va. (Tuesday afternoon, September 29, 


Aerial view of Charleston, W. Va., where the AIEE Middle Eastern District Meeting 
will be held September 29-October 1 
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Institute Activities 


Future AIEE Meetings 
Pacific General Meeting 


:| 
Hotel Vancouver, Vancouver, British Co. 
lumbia, Canada | 


September 1-4, 1953 
(Final date for submitting papers—closed) 


Middle Eastern District Meeting j 
Daniel Boone Hotel, Charleston, W. Va. 
September 29—October 1, 1953 

(Final date for submitting papers—closed) | 


Aircraft Electric Equipment Conference — 
Benjamin Franklin Hotel, Seattle, Wash. 
September 30—October 2, 1953 


Conference on the Application of Motors ta 
Air-Moving Equipment and Symposium om 
Induction Motors 
Hotel Van Orman, Fort Wayne, Ind. | 
October 6-8, 1953 

} 


Conference on Machine Tools 
Cleveland Hotel, Cleveland, Ohio 
October 14-16, 1953 


Textile Industry Conference on Electric 
Equipment 

North Carolina State College, Riddick Label 
ratories Auditorium, Raleigh, N. C. 

October 29-30, 1953 


Fall General Meeting 

Muehlebach Hotel, Kansas City, Mo. 
November 2-6, 1953 

(Final date for submitting papers—closed) 


AIEE-IRE Conference on Electronic In- 
strumentation in Nucleonics and Medicine 
New Yorker Hotel, New York, N. Y. 
November 18-20, 1953 

(Final date for submitting papers—closed) 


ATIEE-IRE-ACM Eastern Computer Con- 
ference 

Statler Hotel, Washington, D. C. 

December 8-10, 1953 

(Final date for submitting papers—September 9) 


Winter General Meeting 

Statler Hotel, New York, N. Y. 

January 18-22, 1954 

(Final date for submitting papers—October 20) 


Conference on Feedback Contrel 
Claridge Hotel, Atlantic City, N. J. 

April 22-23, 1954 

(Final date for submitting papers—January 25) 


Summer and Pacific General Meeting 
Los Angeles, Calif. 

June 21-25, 1954 

(Final date for submitting papers—March 23) 


1953, 2:15-4:30 p.m.). This is one of the 
largest continuous production bottle plants 
in the United States. Here the dies, glass- 
ware, and cartons for many varieties of 
liquor, food, and soft drink products are 
made in a modern, automatic operation. 
Seven furnaces, operating 24 hours per day, 
make this plant a tremendous producer of 
bottle glasswares. 


ELECTRICAL ENGINEERING 


. True Temper Corporation, Kelly Works, 
Charleston, W. Va. (Wednesday morning, 
September 30, 1953, 10:00-12:00 noon). 
The Kelly Works is the largest axe and hoe 
factory in the world. Here, finished axes, 
hoes, hammers, and numerous other small 


The new 400,000- 


a= kw Kanawha River 
ee remade. Plant of the Appa- 
Kanawha Plant of the Appalachian Electric \achian Electric 
Power Company, Glasgow, W. Va. (Wednes- Power Company, 


day afternoon, September 30, 1953, 2:00- 
4:30 p.m.). This is the latest and most 
modern in the Appalachian System, having 
“a capacity of two 200,000-kw units. This 
plant is the eastern terminus of the new 330- 


now under con- 
struction at Glas- 
gow, W. Va., may 
be inspected by 


kv transmission system being inaugurated by Poe cg 
the American Gas and Electric Company, ing the Middle 
_Appalachian’s parent company. Many new Eastern . District 
engineering features are incorporated in this Meeting 


plant, including a center-fed high-pressure 
turbine, operating at initial steam pressure of 
2,100 pounds per square inch and 1,050 de- 
_ grees Fahrenheit. 


4, Cannelton Coal and Coke Company, Cannelton, 
-W. Va. (Thursday morning, October 1, 
1953, 9:00-12:00 noon). This coal prepara- 

tion plant is the newest in the Kanawha Val- 
ley area, and incorporates the latest in control 


attending. Requests for reservations should 


On Thursday, October 1, 12:15 p.m., at 
aluncheon Roy Bird Cook, West Virginia 


facilities. It has a capacity of 450 tons per 
hour of mine run coal, and also is equipped 
with rock-handling facilities. The unit 
incorporates fluid coupling on the main belt 
conveyor drives and the latest in push-button 
panel control. This preparation plant uti- 
lizes 1,060 horsepower in connected load to 
handle the necessary equipment. 


5. USS LSSL-65 Land Ship Supply. 
(Thursday afternoon, October 1, 1953, 2:00 
p-m.). The United States Navy, Fifth 
Naval District, will provide the USS LSSL-65 
for an inspection trip and cruise. Visitors 
will be afforded an opportunity to see the 
Navy in operation, as well as a “‘fish-eye”’ 
view of some of the local chemical industry. 
If time permits, the ship will pass through 
the Marmet Locks. This ship will handle a 
large group and there will be no charge for 
the cruise. Be sure to make reservations 
early. 


ENTERTAINMENT 


Tuesday, September 29, at 12:15 p.m., 
there will be a General Meeting Luncheon. 
This luncheon will be open to all members, 
wives, and guests. Honorable John T. 
Copenhaver will give a brief message of wel- 
come. C. W. Schweers, vice-president and 
director of sales, Allis-Chalmers Manufac- 
turing Company, Milwaukee, Wis., will have 
an interesting message. At 6:30 p.m., a 
““Guys and Gals Party” at the Shrine Mosque 
(opposite the Daniel Boone Hotel) will be 
held. Dinner will be followed by a show, 
featuring several acts. All members, wives, 
and guests are welcome. Dress is informal. 

On Wednesday, September 30, at 12:15 
p.m., will be a luncheon with Hubert Kelly, 
president, Kanawha County Court, presiding. 
The AIEE Ohio Valley Section will sponsor 
this luncheon, which is open to all members, 

wives, and guests, and will present a short, 
interesting, nontechnical program. That 
evening at 5:45 p.m. a Cocktail Party and 
Banquet will be held. Following the dinner, 
through the courtesy of General Motors, 
Dr. John O. Christianson, of the University 
of Minnesota, will have a very entertaining 
presentation. Open to members, ladies, and 
guests. Dress is informal. 
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historian, will give ‘‘the undercover story” 
of the Magic Valley and the Mountain State. 
Open to members, wives, and guests. 


LADIES’ PROGRAM 


Each morning the Sun Parlor will be open 
for the ladies, where they can get acquainted 
and be served coffee and rolls. It will be 
open Tuesday 8:30-9:30 a.m.; Wednesday 
and Thursday from 10:00-11:30 am. A 
visit to the West Virginia State Capitol, and 
tea, has been arranged for Tuesday, Septem- 
ber 29, at 2:00 p.m. Governor William 
C. Marland will welcome the ladies in his 
office and arrange for a tour of the Capitol. 
After the tour, tea will be served. Miss 
Vivien Kellems will be present. Transporta- 
tion will be provided to and from the Capi- 
tol. Nocharge. 

On Wednesday, September 30, 1953, at 
2:00 p.m. there will be a cruise on the 
USS LSSL-65 on the Kanawha River 
which will afford a beautiful view of the 
State Buildings, Morris Harvey College, and 
other points of interest. Refreshments will 
be served. Low heel shoes required. Please 
make reservations early. Although this is 
primarily for the ladies, men are welcome. 


ELECTROTHERMAL COMMITTEE 


The Electrothermal Committee has se- 
lected this District meeting as the location of 
their annual meeting. Morning and/or 
afternoon sessions will be held on Wednesday, 
as the committee desires. Earl Browning 
will preside at the committee meetings 
and technical sessions. 


MINING SUBCOMMITTEE 


The Mining Subcommittee plans to hold 
their annual meeting, but plans for the 
executive sessions are incomplete; however, 
arrangements have been made for this com- 
mittee to hold sessions Wednesday morning, 
September 30. R. B. Moore, chairman, will 
be in charge of this meeting. 


HOTEL RESERVATIONS 


Rooms have been set aside at the Daniel 
Boone Hotel (meeting headquarters) and 
other nearby hotels for members and guests 


Institute Activities 


be mailed prior to September 15 to the 
American Institute of Electrical Engineers, 


Box 406, Charleston 22, W. Va. It may be 
necessary for the Hotel Committee to trans- 
fer some reservations to one of the other 
hotels on the list. 

Accommodations have been reserved at 
the following hotels: 


Daniel Boone Hotel (Meeting headquarters), Wash- 
ington and Capitol Streets 
Single ROOM Tere saiaegs eseletoutl sles ate $ 5.00 and up. 


2) Person=—Double. hates sehetieits eetents 7.00 and up. 
2. Person-—TPwinias inne aeee se aoe iter 7.50 and up. 
Ruffner Hotel, Kanawha Boulevard and Hale Street 

+ Single, Room... eenetearstaratersteraie ste here nets $ 3.50 and up. 
2) Person—Dowuble...a-siers setae 5.50 and up. 
2. Person—— P win ota ie iiatesarotar rata chal ants 7.00 and up. 


Kanawha Hotel, Summers and Virginia Streets 
Single. ROOU. 50's ai. 21 ctsishels eeeeeeleinot nae $ 4.00 and up. 


2 Person—Double sy cjpteayele aisicieysiaee setae 6.00 and up. 
2: Person = E WiRinmts afi oie elaine ets ae 7.50 and up. 
Graystone Hotel, 2630 Kanawha Boulevard 

Shiite) El eyes col Sem Seo baa vor’ oaase $ 6.00 and up. 
2h Person—=-WOU De aw alsesieicis te hverarle ake 9.00 and up. 
ZAP SrsOv m= LWA a Saoh any cbensteiranetncaratsjelaracans 10.00 and up. 
Holley Hotel, 1008 Quarrier Street 

Single: Room. io. claim rsiinin ni enn $ 5.00 and up. 
QUPEXSON——D Oia] e eens eteae cna yetapawenaronne recs 7.00 and up. 
Zi PSrsOm—— Wa ic terssfaiayspeyseetoet tera 7.00 and up. 


REGISTRATION 


The registration facilities will be open at 
8:30 a.m., Monday morning, September 28, 
and will remain open daily through Thursday 
noon, October 1, 1953. 

‘Those who receive an advance registration 
card should fill it in and return it promptly. 
Arrangements have been made to expedite 
the registration for those who register in 
advance, and promptly return the cards. 


MIDDLE EASTERN DISTRICT MEETING 
COMMITTEE 

Members of the 1953 Middle Eastern Dis- 
trict Meeting Committee are: R. H. 
Greame, chairman; H. K. Atkins, secretary; 
R. H. Hively, administration and co-ordina- 
tion; F. A. Leinberger, treasurer; C. R. 
Stouch, arrangements; G. W. Unangst, 
technical program; W. J. Hess, publicity; 
P. M. Barlow, meetings and inspection trips; 
E. D. Knight, finance; Mr. and Mrs. C. B. 
Talley, entertainment; H. L. Lindsey, 
advisory. 
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Tentative Technical Program 


Middle Eastern District Meeting, Charleston, September 29 —October 


Tuesday, September 29 


9:45 a.m. General Session 


John C. Fox, honorary chairman, presiding. 
Address of Welcome. Honorable William C. Marland, 
Governor, State of West Virginia 


Address: ‘Toil, Taxes and Trouble.” Vivien Kellems, 
president, Kellems Company 


Presentation of District Prize Paper Awards, Walter B. 
Morton, Vice-President, AIEE 


2:15 p.m. 
R. B, Moore, presiding 


53-358. Technical Aspects of Application of Electric 
Equipment in Coal Preparation Plants. W.R. Morton, 
General Electric Company 


53-359. The Effect of Reactive Components in the 
Measurement of Grounding Circuits. L. H. Harrison, 
United States Bureau of Mines 


Mining 


DP.** What Overcurrent Settings for D-C Mining 
Feeder Circuit Breakers? D. J. Baker, 1-T-E Circuit 
Breaker Company; C. L. Brown, United States Bureau of 
Mines 

53-360. Characteristic Power Requirements for Per- 
forming Various Functions in Underground Coal 
Mines. H. P. Musser, West Virginia Engineering Com- 
pany 


2:15 p.m. 


L. W. Birch, presiding 
DP.** Operations of Substations for Heavy Duty 
Tractions. J.C. Fox, Virginian Railway Company 


53-361. Wanted—A Modern Diesel-Electric Rail Car. 
K. O. Anderson, General Electric Company 


53-362. Split-Pole Exciters—Their Design and Ap- 
plication on Diesel-Electric Locomotives. H. R. Stiger, 
General Electric Company 


Railway Transportation 


DP.** Comparison of Gas Turbine, Steam, Diesel- 
Electric, and Electric Locomotives. R. J. Cousins, 
Norfolk and Western Railway 


2:15 p.m. 


R. D. Brown, presiding 


DP.** Interconnecting the Industrial Generating 
Plant With the Public Utility. G. EL. Grosser, Westing- 
house Electric Corporation 


Power 


DP.** Development and Application of Power 
Center Transformers. H. S. Gates, Westinghouse Elec- 
tric Corporation 


DP.** A Quick Break Interrupter Switch, S.C, Kil- 
tan, M. Stene, H. K. Porter Company 


DP.** Performance Characteristics and History 
of Low-Voltage Current Limiting Fuses, P.C, Jacobs, 
Jr., Chase-Shawmut Company 


2:15 p.m. Cable Protection 


T. R. Weichel, presiding 


DP.** Protection of Underground Cable Sheath. 
R. F. Norwood, The Chesapeake and Potomac Telephone 
Company of West Virginia 


DP.** Underground Corrosion. W. J. Kretschmer, 
Columbia Gas System Service Corporation; G. F. Orr, 
United Fuel Gas Company 


DP.** Accelerated Aging Studies on Polyethylene 
for Cable Sheaths. B. S. Biggs, Bell Telephone 
Laboratories, Inc. 


Wednesday, September 30 


9:30 a.m. 
E. C. Jones, presiding 


Management Development 


DP.** Training Engineers for Management. R. B. 
Fetter, Indiana University 


DP.** Selling Your Company to the Colleges. F. G. 
Lippert, American Gas and Electric Corporation 


**DP: District paper; no advance copies are avail- 
able; not intended for publication in Transactions. 
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—PAMPHLET reproductions of 
authors’ manuscripts of the num- 
bered papers listed in the program 
may be obtained from AIEE Order 
Department, 33 West 39th Street, 
New York 18, N. Y., as noted in the 
following paragraphs. 


—PRICES of papers, irrespective of 
length, are 30 cents to members 
(60 cents to nonmembers) whether 
ordered by mail or purchased at the 
meeting. Mail orders are advisable, 
particularly from out-of-town mem- 
bers, as an adequate supply of each 
paper at the meeting cannot be 
assured. Only numbered papers 
are available in pamphlet form. 


—COUPON books in nine-dollar 
denominations are available for 
those who may wish this convenient 
form of remittance. 


—THE PAPERS regularly approved 
by the Technical Operations Com- 
mittee ultimately will be published 
in the bimonthly publications and 
Transactions; also, each is scheduled 
to be published in Electrical Engi- 
neering in digest or other form. 


9:30am. Power 


G. E. Hervey, presiding 
DP.** A-C Network Calculator and Its Use by the 


Utility Engineer. L. L. Fountain, Westinghouse Electric 
Corporation 

DP.** Recent Developments in Powerhouse 
Motors. AM. R. Lory, Westinghouse Electric Corporation 


DP.** Voltage Regulation on Electric Distribution 
Systems in Residential Areas. Paul Reimar, Cincinnati 
Gas and Electric Company 


DP.** Application of Regulators. 
inghouse Electric Corporation 


H. E. Lokay, West- 


9:30 a.m. 
R. B. Moore, presiding 


Mining 


DP.** Power Supplies for Continuous Mining Ma- 
chines and Associated Equipment. R. M. Hunter, 
Rochester and Pittsburgh Coal Company 


DP.** Performance of the Synchronous Motor— 
Eddy Current Coupling Drive for the Slope Belt 
Conveyor Lifting Coal 868 Feet at Orient Mine #3. 
R. R. Richart, Chicago, Wilmington, and Franklin Coal 
Company 


DP.** Mining Transformers—Their Design and 
Application. R. L. Schwab, Westinghouse Electric Cor- 
poration 


DP.** Electric Braking for A-C Mine Hoist Drive. 
A, H. Huelsman, General Electric Company 


9:30 a.m. Electrothermal 


Ear] Browning. presiding 
DP.** A New-Type Arc Furnace Circuit Breaker. 
J. H. Schromeck, Westinghouse Electric Corporation 


DP.** High-Current Short-Circuiting Switch for 
Electrochemical and Electrothermal Applications. 
H.W. Graybill, R. and I, E. Company 


DP.** Electrothermic Reduction of Ores. H. S. 
Newhall, Pittsburgh Lectromelt Furnace Corporation 
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2:00 p.m. 


C. O. Wood, presiding 


53-365. A Low-Height 15-Ton Mine Locomotive for 
Low Vein Haulage. J. W. Brauns, General Electra 


Company { 


DP.** Conversion Substation Location and Equip-- 
ment. J. A. Dunn, Island Creek Coal Company i 


DP.** Parallel Operation of Conversion Apparatus. . 
L. W. Scott, General Electric Company | 


DP.** Mine-Type Selenium Rectifiers. Herbert t 
Lewis, Lewis Electrical Manufacturing Company 
| 


2:00 p.m. Equipment Application in) 
Chemical and Petroleum In-- 


dustry 


G. O. Wardrop, presiding 
DP.** Application of Motors in Petroleum and! 


Chemical Industries. £. F. Greiwe, Allis-Chalmers: 
Manufacturing Company | 


DP.** Application of A-C Controls for the Petroleum | 
and Chemical Industries. Lewis Daughtrey, Jr., Rowan 
Controller Company 


DP.** Switchgear for Application in the Chemical | 
Industry. Warren Birgel, Allis-Chalmers Manufacturing ; 
Company 


Power Distribution and Appli-- 
cations 


2:00 p.m. 


E. L. Munday, presiding 

52-72. 240/416-Volt 3-Phase 4-Wire Power and} 
Lighting Supply for Modern Industrial Plants. . 
William Shuler, The Dayton Power and Light Company > 


DP.** System Neutral Grounding. 
General Electric Company 


DP.** Modernization of Industrial Plants. 
Crites, General Electric Company 


L. J. Carpenter, | 
W. R.. 


DP.** Dielectric Heating Applications for Sand Core : 
Drying. Carl Loper, Allis-Chalmers Manufacturing : 
Company 


Thursday, October 1 


9:30 a.m. 


Edward Knight, presiding 


DP.** No Couches—Just Chairs, E. J. Ryan, E. I. 
du Pont de Nemours and Company 


Management 


DP.** Selection and Training of Key Men ina Large 
Industrial Organization. J. B. Parks, Westinghouse 
Electric Corporation 


9:30 a.m. 


J. Z. Linsenmeyer, presiding 


DP.** Electric Heat in the Chemical Industry. 
W.S. Eyth, Edwin L, Wiegand Company 


DP.** Cost of Purchased Power Versus Generated 
Power in Chemical Plants. H. C, Bauman, Chemical 
Construction Corporation 


Chemical 


DP.** Application of Rectifiers in the Chemical 
Industry. W. E. Gutzwiller, Allis-Chalmers Manufactur- 
ing Company 


2:00 p.m. Mining 

L. H. Harrison, presiding 

53-366. A Track-Laying Shuttle Car. J. W. Brauns, 
General Electric Company 


DP.** AContinuous Miner. J. W. Heimaster, Carbide 
and Carbon Chemicals Company 


DP.** Recent Development in 2-Motor A-C Mine 
Hoist Control. A. H. Myles, Electric Controller and 
Manufacturing Company 


DP.** Use and Application of Neoprene-Sheathed 
Cables in Mines. Thomas Weichel, Okonite Company 


ELECTRICAL ENGINEERING 


I Pp. Mine Trailing Cables, Construction and 
Maintenance. Steve Bunish, Anaconda Wire and Cable 
Company 


7 
»? 
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2:00 p.m. 
a. E, Housley, presiding 


: DP.** System Operation High-Voltage Transmis- 
_sion—Generation System of the Appalachian System, 
H. E. McCormack, Appalachian Electric Power Company 


Power 


DP.** Modern Transmitters and Receivers for 
Power-Line Carrier. J. B. Singel, Westinghouse Elec- 
tric Corporation 


_DP.** Detecting and Melting Ice or Sleet on Lines. 
H. E. McCormack (presented by J. W. Kepner), Appa- 
_lachian Electric Power Company 


-DP.** 330-Ky Relaying. E. W. Woody, Appalachian 
‘Electric Power Company; H. C. Barnes, American Gas 
and Electric Service Corporation 


ra 
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2:00 p.m. Chemical 


J. Vodar, Jr., presiding 


DP.** Magnetic Amplifiers in Metering Direct Cur- 
rent on Electrolytic Cell Lines, Elwood Downing, Col- 
umbia Southern Chemical Corporation 


DP.** Application of Large Turbine Generators in 
Chemical Industry, J. S. Williams, Westinghouse Elec- 
tric Corporation 


DP.** Switchgear Maintenance. 
Westinghouse Electric Corporation 


2:00 p.m. General Industry Applications 
Jack Steelman, Jr., presiding 

DP.** Neoprene, the Versatile Rubber. P. P. 
Murawski, E. 1. du Pont de Nemours and Company 


DP.** Audio Fault Finder for Cable. G. H. Knapp, 
Civil Aeronautic Administration 


DP.** Electricity Applied to Glass Melting. J. H. 
Glaser, Dunbar Glass Company 


H. B. Wortman, 


Rtcraft Electric Equipment Subject 


- of Discussion at Seattle Conference 


The AIBE Aircraft Electric Equipment 

Conference will be held in Seattle, Wash., 

“September 30 to October 2 at the Benjamin 
Franklin Hotel. Eight technical sessions are 
scheduled and three inspection trips are 
planned so that members who go on them 
will not miss any of the sessions. 

The technical and conference papers 
which will be presented reflect the problems 
confronting electrical engineers in the air- 
craft field today. These will include the 
Operation, testing, and measurements of air- 
craft a-c power systems; the effects of a-c 
power characteristics in airplanes on the 
design of electronic equipment; new develop- 
ments in fuel quantity gauging; reliability 
of electrical components, and so forth. In 
short, about 35 papers will be given by engi- 
meers active in designing or building air- 
planes or who are concerned with supplying 
equipment to companies in which they are 
built. Their problems are mutual and these 
sessions will provide a means toward a better 
understanding of all concerned. 

On Tuesday, the day before the conference 


opens, the AIEE Aircraft Electrical Rotating 
Machinery and the Altitude Rating of Elec- 
tric Apparatus Subcommittees have invited 


any engineers interested to their meetings, the 


first session of which will be held at 9:00 
The 
purpose of these open meetings is to discuss 
recommendations for items to be included in 
a standard on the subject of aircraft a-c and 
Characteristics 
involved were suggested by engineers of the 
airframe manufacturers who are welcome at 
these sessions to comment on recommenda- 
tions and suggest further work. ‘These meet- 
ings will be at the Benjamin Franklin Hotel, 


a.m. and the second at 1:30 p.m. 


d-c generator characteristics. 


conference headquarters. 


INSPECTION TRIPS 


7. Boeing Airplane Company (Thursday, 
Oct. 1). Chartered busses will leave the hotel 
at noon for Boeing’s Seattle plant. Luncheon 
will be served at the company’s cafeteria, 
followed by an inspection of the plant. 
Boeing builds C-97 Stratofreighters, B-52 
Stratofortresses, and BOMARC guided mis- 
siles in this plant which employs 33,000. 
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Boeing has acres of research laboratories 
where complete airplane electric systems are 
mocked-up, a recently completed supersonic 
wind tunnel, and a new engineering building. 
Under construction is a cantilever B-52 
hangar having a 780-foot unobstructed door- 
way. ‘Transportation cost is 50¢. 


2. Snoqualmie Falls Power Plant (Friday, 
Oct. 2). Glass-topped busses will leave the 
hotel at 5 p.m. for Snoqualmie Falls, where 
the river has cut through solid rock to form 
falls 270 feet high. At 6:30, dinner will be 
served at Snoqualmie Falls Lodge and at 8 
p-m. visitors will tour Puget Sound Power and 
Light Company’s 22,000-kw hydroelectric 
plant, the only large completely underground 
powerhouse. ‘Transportation costs $5.00. 


3. Destroyer Trip to Neptune Base (Satur- 


day, Oct. 3). At 8 a.m. a United State 
Navy destroyer-escort will call at United 
States Naval Receiving Station, Pier 91, 
for the 2!/.-hour trip through Puget Sound 
to Oak Harbor, Whidbey Island. Visitors 
then will take a bus to Ault Field, Naval 
Air Station, for tour of the Neptune patrol 
plane base. 

Luncheon will be served in the Com- 
missioned Officers’ Mess at Ault Field at 
12:30 and at 1:30 p.m. visitors will return 
by bus to Oak Harbor for a tour of the sea- 
plane base and inspection of mobile units 
used for training Neptune pilots and crews, 

At 2:30 p.m. demonstration of air-sea 
rescue procedures by helicopter pickup from 
open water will be held. The destroyer- 
escort will leave at 3:00 p.m. for return cruise 
to Seattle, arriving at 5:30 p.m. 

Ladies will be welcome on this cruise and 
inspection trip. Since only a limited number 
of persons can be handled, priority will be 
given to out-of-town engineers who send 
early registrations. Transportation from 
hotel to Pier 91 by chartered bus and lunch- 
eon will cost $1.50. 


RECREATION OPPORTUNITIES 


Seattle is in the heart of the International 
Playground and engineers desiring to com- 
bine a vacation with the conference will find 
many places to visit and things to do: trips 
to the snow-capped Olympics and Cascades ; 
sailing on Lake Washington, in the heart of 
Seattle; salmon fishing on Puget Sound; 
mountain climbing; golf; cruises to the San 
Juan Islands. A visit to Victoria, Van- 
couver, and all of British Columbia will pay 
dividends for this part of Canada is noted 
for fine hospitality, excellent food, and good 
accomodations. The Conference Committee 
will gladly furnish information and assistance. 


BANQUET 


On Wednesday evening there will be a 
banquet for engineers and their ladies. The 


al : 
Boeing Airplane 


ompany photo 


The Boeing Airplane Company, scheduled for inspection during the AIEE Aircraft Con- 
ference in Seattle, utilizes the horseshoe-type final assembly area shown here at the 


Renton, Wash., plant for production of C-97 Stratofreighters. 


Fuselages in the fore- 


ground are ready to take their places in the line, going around the loop to roll out the 
door as completed airplanes 
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toastmaster and guest speaker will be an- 
nounced later. 


LADIES PROGRAM 


On Wednesday afternoon, September 30, 
a “Get Acquainted”? tea will be held. The 
banquet is scheduled for Wednesday evening. 
On Thursday there will be a luncheon and 
tour of Seattle with visit to the new Childrens’ 
Orthopedic Hospital. On Thursday evening 
a theatre party will be given at University 
of Washington’s “‘Penthouse,”” which has its 
stage in the center with three rows of seats 
surrounding it. Friday will be occupied with 
a walking tour and visits to stores and the 


Seattle, with its 
great vacation pos- 
sibilities, will be 
host to the AIEE 
Aircraft Electric 
Equipment Con- 
ference, Septem- 
ber 30-October 
2, 1953. Shown 
here is the famous 
Lake Washington 
floating bridge 


waterfront with luncheon at “Ivars.” On 
Friday evening dinner will be served at Sno- 
qualmie Falls. (See Inspection Trips.) On 
Saturday there will be a destroyer trip to 
Whidbey Island, a joint activity with the 
men. 


TRANSPORTATION 


From the East: Northwest Airlines Super 
Constellation Northwest Express leaves 
Chicago 7:40 p.m. A later DC-6 United 
Airliner leaves New York at 6:00 p.m. 
(Phone Mr. Flynn or Miss Pollett at MUrray 
Hill 2-7300.) 


From the South: United Air Lines DC- 
leaves Los Angeles at 5:00 p.m., arriving 
Seattle at 9:00 p.m. Western Airlines h 
scenic daylight flight from Los Angeles 
7:40 a.m. 


PROCEEDINGS 


It is planned to publish under one cover 
the papers presented at the conference as 
well as the discussions of these papers frot 
the floor. This publication will be priced a 
a cost to be announced later. ; 

HEADQUARTERS HOTEL £ 

The conference headquarters will be the 
Hotel Benjamin Franklin, Fifth and Virginié 
Streets, Seattle. Room prices at the hote. 
are as follows: 


Single room (single occupancy)..........-- ee TO 
(double occupancy)..........- 2209 9.0 

Twin: bedroom a step sle iors a 2e\e(e elfen ale rte nn a | 
COMMITTEE CHAIRMEN 


General chairman of the conference 
Thomas J. Martin and Ben F. Hager is co 
chairman. Heading the other committee 
are D. W. Exner, Papers; R. J. Helberg 
Banquet; Henry Oman, Publicity; F. L 
Strum, Finance; J. L. Converse, Inspectior 
Trips; J. M. Nelson, Hotel Arrangements: 
D. C. Betts, Exhibits; T. C. Bayerd, Regis 
tration; C. V. Olshan, Hotel Reservations: 
W. A. Burnett, Transportation; R. A. Hem 
ning, Publications; and Mrs. D. W. Exnen 
Ladies Entertainment. 


TentativeTechnical Program————— 


AIEE Aircraft Electric Equipment Conference 


Wednesday, September 30 


9:00 a.m. 


CP.** Development of an Air-Borne Stabilized 
Camera Mount. J. H. Miller, A, J. Alexander, Goodyear 
Aircraft Corporation 


Session 1 


53-368.* Use of an Analogue Computer to Optimize 
the Transient Response of an Aircraft-Type Gener- 
ator-Regulator System. H. B. James, Westinghouse 
Electric Corporation 


CP.** Transmission Dynamometer for the Measure- 
ment of Transient and Steady-State Torque in Rotat- 
ing Shafts. R. H. Johnson, I,.V. Garrison, Consolidated 
Vultee Aircraft Corporation, Fort Worth Division. 


2:00 p.m. 


CP.** Performance of a Constant-Speed Drive. 
E. W. Giloy, Glenn L, Martin Company 


Session 2 


53-369.* New Developments in Differential-Type 
Hydraulic Transmissions and Controls. Robert H. 
Eisengrein, Sundstrand Machine Tool Company 


CP.** Considerations Applicable to Automatic 
Paralleling of A-C Generators. M. J. Powell, E. W. 
Giloy, Glenn L. Martin Company 


CP.** Operation of a Static Converter in Parallel 
With Generators. E. W. Colehower, Glenn L. Martin 
Company 


* Number denotes AIEE Transactions papers. Copies 
may be purchased at AIEE booth or by mail from AIEE 
Headquarters, 33 West 39th Street, New York, N. Y., 
at 30 cents each to AIEE members and 60 cents each 
to nonmembers. 


**CP denotes conference papers intended for presenta- 
tion only and not available except from authors, 
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September 30—October 2 


CP.** Effects of Power Arcs on Plastics. A sound 
film, Boeing Airplane Company 


Thursday, October 1 


9:00 a.m. 


CP.** Altitude Rating of Aircraft A-C Generators. 
Hayes Crapo, T, F. Hardman, Westinghouse Electric 
Corporation 


Session 3 


CP.** Loss-Temperature-Environment Relation- 
ships for Aircraft Generators. Cecil G. Martin, Jack and 
Heintz, Inc, 


CP.** Cooling of Commercial Aircraft Radio Equip- 
ment, R, E, Hedges, Douglas Aircraft Company 


CP.** Survey of Evaporative and Liquid Coolants 
for Rotating Electric Machines, Val Hambor, Cecil G. 
Martin, Jack and Heintz, Inc, 


7:30 p.m. Session 4A 

CP.** Some Present Methods and Concepts of Deter- 
mining the Electric Power System for an Optimum 
Airplane. &. H. Summerl, Douglas Aircraft Company 


CP.** Selection Factors for a Jet Transport Electric 
System, E. P. Buckthal, Edward M. Hayes, United Air 
Lines 


CP.** Components Engineering for Improved Air- 
craft Reliability. M4. R. Seldon, G. D. Curtis, Chance- 
Vought Division, United Aircraft 


CP.** Effects of A-C Power Characteristics on Elec- 
tronic Equipment Design. J. W. Cramer, C. T. Ander- 
son, General Electric Company 
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7:30 p.m. Session 4B 


CP.** An Analysis of Speed Governor Failure fe 
Application of Directional Protection to Aircr: 
Alternators. A, K. Hawkes, R. E. Zenner, Armour R 
search Foundation 


53-371.* Effects of Abnormal Conditions on Aircra: 
Parallel A-C Power Systems. S, C. Caldwell, A. ~ 
Wood, General Electric Company 


53-372.* Parallel Operation of Aircraft A-C Gene 
ators. Lee R. Larson, Naval Research Laboratory 


53-373.* A Differential Reactive-Current Protecti 
Relay. R. W. Stineman, Boeing Airplane Company 


Friday, October 2 


9:00 a.m. Session 5A 


53-374.* Methods for Prediction of Steady-State Pe 
formance for Unbalanced Regulated 3-Phase Gene 
ators. B, J. Wilson, Naval Research Laboratory 


CP.** Overvoltages in Aircraft Resulting From Sue 
den Current Interruption. L. J, Stratton, Armour Rj 
search Foundation 


CP.** Excitation of Aircraft A-C Generators. Fra: 
N. Collamore, J. R. Bodker, Jack and Heintz, Inc. . 


CP.** Wide-Frequency-Range Regulated Tra 
former Rectifiers. J, L. Fink, General Electric Cor 
pany | 


| 


9:00 a.m. 


CP.** Measurement of Film Resistance by Non 
structive Methods. R. A. Holloway, Dr. T. M. Dak 
Lockheed Aircraft Corporation 


Session 5B 


ELECTRICAL ENGINEERI 


. 


ger. Evaluation of Designs for Intermittently 
Heated Surfaces. Dr. T. M. Dahm, Lockheed Aircraft 
“Corporation 

_CP.** New Developments in Aircraft Fuel Quantity 
“Gauging. Robert J. Levine, Aviation Engineering Divi- 
sion, Avien-Knickerbocker, Inc. 


_53-375.* Continuous Current Capacity of Bundled 
Cables for Aircraft. Milton Schach, Loren D. Schroeder, 
Naval Research Laboratory 

-CP.** Drives and Facilities for Testing Aircraft 
Power Systems. N.C. Clark, Lockheed Aircraft Cor- 
poration 
2:00 p.m. Session 6 

CP.** Use of Antiskid Brakes on Transport Air- 


s 


craft. &. L. Olson, Northwest Airlines; G. W. Yarber, 
Hydro-Aire, Inc. 


CP.** System for Providing Wing Flap Unbalance 
Protection on Transport Aircraft. R. J. Hrbacek, 
Northwest Airlines 


CP.** Maintenance of Aluminum Bus and Terminal 
Connections on Aircraft. W. T. Farrish, Pan American 
World Airways 


CP.** Instability in 28-Volt Generator Systems. 
J. B. Harlin, A. L. Landsberger, Lockheed Aircraft Cor- 
poration 


53-376.* Control of Metal Buildup in Minimum Pres- 
sure Sensitive Contact Systems. J. P. Dallas, T. R. 
Stuelpnagel, Hughes Aircraft Company 


2 


AIEE Board of Directors Meets 
at Summer Meeting in Atlantic City 


_, A regular meeting of the AIEE Board of 
Directors was held in the Chalfonte-Haddon 
Hall, Atlantic City, N. J., on June 18, 1953. 
_ The minutes of the meeting of the Board of 
‘Directors held on April 23, 1953, were 
approved as previously distributed. 


Fi 


BOARD OF EXAMINERS 


“Recommendations adopted by the Board 
of Examiners at a meeting on May 21, 1953, 
were reported and approved. The following 
actions were taken, upon recommendation 
of the Board of Examiners: 32 applicants 
transferred and 13 elected to the grade of 
Member; 2 Members reinstated; 378 appli- 
cants elected to the grade of Associate Mem- 
ber; 18 Associate Members reinstated; 43 
applicants elected to the grade of Affiliate; 
240 Student members enrolled. 

Upon proposals, approved by the Board of 
Examiners, the Board voted to invite the 
following Members to be transferred to the 
grade of Fellow: 

Robert E. Poole, vice-president—development, Sandia 

Corporation, Sandia Base, Albuquerque, N. Mex. 
James R. Stover, chief electrical engineer, New York 

State Electric and Gas Corporation, 62 Henry Street, 

Binghamton, N. Y. 

More information regarding the afore-named 
individuals appears in Electrical Engineering 
in the new department “AIEE Fellows 
Elected” (pages 819-20). 


FINANCES 


Treasurer Walter J. Barrett, who was un- 
able to attend the meeting, submitted a 
written report for the fiscal year which 
ended April 30, 1953, and the Board voted to 
accept this report. 

Chairman Purnell of the Finance Com- 
mittee reported disbursements from general 
funds as follows: May—$107,338.53; June 
—$92,870.15. The report was approved. 

A comparative statement of income and 
expenses for the first 8 months of the budget 
year was presented. It showed that the in- 
come to May 31, 1953, was $707,270, or 63.7 
per cent of the estimated income for the 
appropriation year, ending September 30, 
compared with 60.7 per cent last year. Ex- 
penses for the 8 months ended May 31 were 
$731,424, or 63.8 per cent of the estimated 
expenses for the appropriation year, com- 
pared with 69.8 per cent last year. 

Upon recommendation of the Finance 
Committee, based upon statements received 
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from Engineers Joint Council (EJC), covering 
the last quarter of 1952 and the first two 
quarters of 1953, the Board voted that the 
budget be amended to provide an increase of 
$2,000 in the appropriation for EJC. 

After consideration of the point of origin of 
travel to the Sunimer General Meeting on 
which the allowance made to the District 
Student Prize winners should be based, the 
Board voted that the allowance be paid only 
when a winner actually attends the Summer 
General Meeting, and that it be computed 
between the college in which the Student 
member is registered and the place of the 
meeting, even though he starts from a point 
other than the location of the college. 


ACTIONS AND APPOINTMENTS 


Copies of the annual Report of the Board 
of Directors were distributed, and the Board 
voted that the report be approved, and that 
Messrs. Henline and Hibshman be compli- 
mented upon the preparation of a report that 
had brought many favorable comments. 

In accordance with the requirement in 
Section 38 of the Constitution, the appoint- 
ment of a Secretary of the Institute was con- 
sidered. HH. H. Henline was reappointed. 

The Board voted that the usual traveling 
expense allowance be paid to all District 
secretaries, incoming and outgoing, for 
attending the Conference of Vice-Presidents 
and District Secretaries, and to the incoming 
Directors who attend the June Board meeting 
each year. 

Upon recommendation of the Committee 
on Planning and Co-ordination, the Board 
authorized the holding of the 1954 Summer 
and Pacific General Meeting in Los Angeles, 
Calif., June 21-25; the 1955 Summer Gen- 
eral Meeting in Swampscott, Mass., June 27— 
July 1; the Fall General Meeting in Chicago, 
Ill., October 3-7, 1955, and October 1-5, 
1956, and voted that, as a general principle, 
all District meetings be held in the spring. 

The Sections Committee recommended 
and the Board approved the establishment of 
the Susquehanna Section, from the Lancas- 
ter- York Subsection of the Maryland Section. 

The Board approved the recommendation 
of the Committee on Technical Operations 
that Special Technical Conferences, duly 
authorized by the Committee on Technical 
Operations, be recognized as regular meet- 
ings of the Institute (along with General and 
District meetings) and hence appropriate 


Institute Activities 


forums for the presentation of Transactions 
papers, to be effective beginning on August 
he, ssIS: 

Upon invitation, the Board nominated two 
candidates for the American Standards 
Association Medal and a candidate for the 
Howard Coonley Medal, both awarded by 
the American Standards Association. 

As required by the bylaws of the com- 
mittees, the Board confirmed appointments 
by President-elect Robertson of G. E. Moore 
and E. T. B. Gross as members of the Charles 
LeGeyt Fortescue Fellowship Committee, 
and O. 8. Hockaday, J. J. Pilliod, and E. W. 
Seeger as members of the Lamme Medal 
Committee—each for the 3-year term be- 
ginning August 1, 1953; also the appoint- 
ment of S. S. Attwood, Charles F. Wagner, 
and P. G. Wallace as members of the Edison 
Medal Committee for the term of 5 years be- 
ginning August 1, 1953, and the appointment 
of James F. Fairman as chairman of the 
Edison Medal Committee for the year 1953— 
54, From its own membership, the Board 
elected F. R. Benedict, D. D. Ewing, and 
D. A. Quarles as members of the Edison 
Medal Committee for the term of 2 years 
beginning August 1, 1953. 

The Board reappointed C. A. Powel to the 
Volta Scholarship Trustees for a term of 6 
years beginning August 1, 1953. 

Representatives of the Institute on various 
organizations were appointed, as listed on 
pages 844-5. 

The Board adopted the following resolu- 
tion for the observance of the 250th anniver- 
sary of the birth of Benjamin Franklin in Jan- 
uary 1956: 


WHEREAS, Benjamin Franklin was one of the first and 
greatest of American pioneers in the promotion and 
communication of knowledge for the benefit of people in 
all countries, making significant contributions in the 
fields of pure and applied science, education, medicine, 
agriculture and the graphic arts, as well as domestic 
and international public service... 


WHEREAS, Benjamin Franklin was a founder of some 
and a member of many of the world’s foremost scientific 
societies of his day, which now plan jointly with others 
to honor the 250th Anniversary of his birth (on January 
17, 1956) with a week-long celebration dedicated to the 
furtherance of better understanding among nations 
through science, the arts and human relations... 


AND WHEREAS, the AIEE is the founder society in the 
United States for the profession of Electrical Engineering 
and is the largest engineering society in the world... 


BE IT THEREFORE RESOLVED that the AIEE in 
recognition of the 250th Anniversary of the Birth of 
Benjamin Franklin, will: 


(7). Encourage its Sections and Branches to hold 
celebrations by such means as they may consider 
appropriate to the occasion. 


(2). Recognize the international significance of this 
Anniversary by suitable means in its publication, 
Electrical Engineering, which has world-wide circulation. 


(3). Suitably commemorate the event during the 
ATIEE Winter General Meeting to be held in January 
1956. 


BE IT FURTHER RESOLVED that this resolution be 
transmitted to The Franklin Institute. 


The following Local Honorary Secre- 
taries, whose terms expired July 31, 1953, 
were reappointed by the Board: W. L. 
Simpson, for Brazil; A. P. M. Fleming, for 
England; Stetfan ‘Tanabe, for Japan; R. D. 
Neale, for New Zealand; Mohamed Hussain 
Khalid, for Pakistan; Edy Velander, for 
Sweden. 

An invitation from the International 
Congress of Engineers (FIANI), Rome, 
Italy, was received, inviting the AIEE mem- 
bers to attend its meeting on October 8-11, 
1953, and requesting that the program be 
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brought to the attention of the members of 
the Institute. 


ATTENDANCE 


Present at the meeting were: President 
D. A. Quarles; Past President T. G. LeClair ; 
Vice-Presidents W. L.. Cassell, W. Scott Hill, 
M. D. Hooven, Thomas Ingledow, E. S. 
Lammers, Jr., N. M. Lovell, C. M. Lytle, 
F. W. Norris, J. C. Strasbourger, W. R. Way; 
Directors F. R. Benedict, R. F. Danner, 
E. W. Davis, D. D. Ewing, L. F. Hickernell, 
A. CG. Muir, N. GC. Pearcy, G. 8S. Purnell, 
Elgin B. Robertson, Herbert J. Scholz, Victor 
Siegfried; Secretary H. H. Henline; Assistant 
Secretary N. S. Hibshman. By invitation: 
Past President Comfort A. Adams (part time), 
incoming Vice-Presidents C. P. Almon, Jr., 
A. S. Anderson, G. D. Floyd, W. B. Morton, 
George C. Tenney; incoming Director EK. W. 
Seeger. 


Ninth National Electronics Conference 
to Meet in Chicago, IIl., September 28-30 


The ninth annual National Electronics 
Conference will convene September 28, 29, 
and 30, 1953, at the Sherman Hotel, Chi- 
cago, Ill. The technical program offers 99 
papers covering a broad field of electronic 
research, development, and industrial appli- 
cation and is supplemented by over 140 ex- 
hibits by manufacturers foremost in the elec- 
tronics field. 

On the social side, the conference will 
sponsor three luncheons featuring prominent 
speakers, an informal evening banquet, and 
a full 3-day social program for the ladies. 
Two evenings will be available for viewing 
the exhibits or visiting any of the various 


Tentative Technical Program 


entertainment spots near the Sherman Hote 

The conference is sponsored by the AIEE 
Illinois Institute of Technology, Institute o 
Radio Engineers, Northwestern University 
and the University of Illinois, with Purdue 
University, University of Wisconsin, the 
Radio-Electronics Television Manufacturer: 
Association, and the Society of Motion Pic. 
ture and Television Engineers participating 
The president of this year’s conference i: 
Dr. J. D. Ryder of the University of Illinois 

Advance registration may be made bs 
writing: National Electronics Conference 
Inc., Karl Kramer, Executive Secretary, 85: 
East 83d Street, Chicago 19, III. 
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National Electronics Conference, Chicago, September 28—30 


Monday, September 28 


9:45 a.m. Circuits I 


Continued Fraction Analysis of Tandem Networks. 
D. L. Finn, Georgia Institute of Technology, Atlanta, Ga. 


Parallel-T Discriminator Design Techniques. Paul T. 
Stine, Naval Research Laboratory, Washington, D. C. 


Synthesis of Resistance-Capacitance-Ladder Networks 
for Minimization of Flat Loss. H. Smead, Purdue Uni- 
versity, Lafayette, Ind. 


Synthesis of Constant-Time-Delay Networks. MM. S. 
Corrington, R. W. Sonnenfeld, RCA Victor Division, 
Camden, N. J. 


9:45 a.m. 


Program prepared in co-operation with the AIEE Mag- 
netic Amplifier Committee 


Magnetic Amplifiers 


The Application of Transistors to the Control of Mag- 
netic Amplifiers. G. F. Pittman, Jr., Westinghouse Elec- 
tric Corporation, East Pittsburgh, Pa. 


Industrial Applications of Transductors. R. J. Radus, 
Westinghouse Electric Corporation, Pittsburgh, Pa. 


Magnetic Frequency Conversion, L. C. Harriott, Gen- 
eral Electric Company, Schenectady, N. Y. 


A Magnetic Amplifier for Temperature Detection and 
Control. R. I, Van Nice, Westinghouse Electric Corpora- 
tion, Pittsburgh, Pa. 


Applying Magnetic Amplifiers. L. W. Buechler, Vickers 
Electric Division, St. Louis, Mo. 


9:45 a.m. Audio and Microphonics 


The ‘‘Vagabond’’ Wireless Microphone System. 
T. W. Phinney, Shure Brothers, Inc., Chicago, II. 


Some Engineering Considerations of High-Fidelity 
Sound Reproduction. S. A. Caldwell, RCA Victor 
Division, Camden, N. J. 


A Method of Analyzing the Microphonic Output of a 
Tube and a Description of the CK 6247. W.H. Hunter, 
Raytheon Manufacturing Company, Newton, Mass, 


Audio-Frequency Impulse Noise and Microphonism. 
R. J. Wohl, S. Winkler, L. N. Heynick, M. Schnee, New 
York Naval Shipyard, Brooklyn, N. Y. 


12:30 p.m. Luncheon in the Ballroom 


2:30 p.m. Circuits II 


Directional Coupling With Transmission Lines. 
W. L. Firestone, Motorola, Inc., Chicago, III. 


A Broad-Band Hybrid Junction for Very-High Fre- 
quency and Ultrahigh Frequency. R. E. Grantham, 
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J. W. Dorsett, Jr., Naval Ordnance Laboratory, White 
Oak, Silver Spring, Md. 


Self-Compensated Multilayer Distributed Constant 
Delay Lines. W.S. Carley, Naval Ordnance Laboratory, 
White Oak, Silver Spring, Md. 


A Transmission-Line Oscillatory Pulse Generator. 
M. W. Hellar, Jr., W. G. Holter, General Electric Com- 
pany, Schenectady, N. Y. 


Multiple Resonance Effects in Oscillators. W. A. 
Edson, Stanford University, Stanford, Calif. 


2:30 p.m. Servomechanisms 


Some Design Considerations of a Saturating Servo- 
mechanism. P. E. Kendall, J. F. Marquardt, Cook Re- 
search Laboratories, Chicago, Il. 


Switching Errors in an Optimum Relay Servomecha- 
nism. TJ. M. Stout, University of Washington, Seattle, 
Wash. 


Transient Power Flow Studies of Elementary Servo- 
mechanisms. J.P. Magnin, J. R. Burnett, Purdue Uni-~ 
versity, Lafayette, Ind. 


The Magnetic Modulator in A-C Servo Corrective 
Networks. C. Volz, Pennsylvania State College, State 
College, Pa. 


Possibilities of a 2-Time-Scale Computing System for 
Control and Simulation of Dynamic Systems. 4H. 
Ziebolz, Askania Regulator Company, Chicago, Ill.;  H. 
M. Paynter, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 


2:30 p.m. Ultrasonics 


Program prepared in co-operation with the Institute of 
Radio Engineers (IRE) Professional Group on Ultra- 
sonics 


Ultrasonics and Industry. O. Mattiat, Clevite-Brush 
Development Company, Cleveland, Ohio 


Ultrasonics and Medicine. J. F. Herrick, Mayo Clinic, 


Rochester, Minn. 


A Noncontact Microdisplacement Meter. H. M. 
Sharaf, Laboratory for Electronics, Inc., Boston, Mass. 


A Temperature Controlled Ultrasonic Solid Acoustic 
Delay Line. £.S. Pennell, Bell Telephone Laboratories, 
Murray Hill, N. J. 


Characteristics of Ultrasonic Delay Lines Using Quartz 
and Barium Titanate Ceramic Transducers. J. E 
May, Bell Telephone Laboratories, Murray Hill, N. J. 


2:30 p.m. 


Magnetic Shielding Effects. R. D. Teasdale, A. W. 
Friend, Magnetic Metals Company, Camden, N. J. 


Materials and Components 


Ferrites and Their Properties at Radio Frequencies. 
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R. L. Harvey, Radio Corporation of America, Princetor 
NOS 


The Application of High-Frequency Saturable Reac 
tors. G. H. DeWitz, C.G.S, Laboratories, Inc., Stamfore 
Conn. 


Thermoplastic Insulated Tri-Axial Pulse Cables 
M. Tenzer, J. Spergel, Signal Corps Engineering Lab 
tories, Fort Monmouth, N. J. 


Development of a High-Speed Relay. A. F. Bischof 
General Electric Company, Schenectady, N. Y. 


Tuesday, September 29 


9:30 a.m. Filters I 


Program prepared in co-operation with the IRE Pre 
fessional Group on Circuit Theory 


An Introduction to Modern Filter Theory. E. 4 
Guillemin, Massachusetts Institute of Technology, Cas 
bridge, Mass. 


RC Filter of Novel Design. J. Linzill, Bell Telephor 
Laboratories, Murray Hill, N. J. 


Low-Frequency Electromechanical Filters. S. 2 
Lapin, Motorola Inc., Chicago, Ill. 


Geometric Aspects of Least Squares Smoothing 
A, A. Houser, Sperry Gyroscope Corporation, Gree 
Neck, Long Island, N. Y. 


9:30 a.m. Television I 


A Continuous All-Electronic Scanner fer 16-Millimeté 
Color Film. V. Graziano, K. Schlesinger, Motorola Ing 
Chicago, III. | 


F. J. Bingley, Phild 


A New Television Film Scanner. 
Corporation, Philadelphia, Pa. 


Vidicon Film Reproduction Cameras. H. N. Kon 
nowski, RCA Victor Division, Camden, N, J. 


Alignment of a Monochrome Television Transmittd 
for Broadcasting National Television System Con: 
mittee Color Signals, J. F. Fisher, Phileo Corporatio: 
Philadelphia, Pa. i 


9:30 a.m. Electron Tubes I I 


Program prepared in co-operation with AIEE Electron# 


Committee 


Improved Instrument Cathode-Ray Tube Desig: 
K. A, Hoagland, H. Grossbohlin, Allen B. Du Mont Labor 
tories, Inc., Passaic, N, J. 


Space-Charge Behavior in Backward Space-Harmon} 
Beam Oscillators. W.G. Dow, University of Michiga: 
Ann Arbor, Mich. ; 


A Voltage-Tuned High-Power Microwave Oscillate 
| 
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#. C. Dench, Raytheon Manufacturing Company, Wal- 
tham, Mass. 


A Radio-Frequency Amplifier Tube for Air-Borne 
Communications Receivers. R. E. Moe, General Elec- 
tric Company, Owensboro, Ky. 


ha High-Power Continuous-Wave Magnetron. D. E. 
_ Nelson, Radio Corporation of America, Harrison, N. J. 
as 


9:30 a.m. Nucleonics 


_ Program prepared in co-operation with AIEE Nucleonics 
_ Committee 


Electronics for a Synchrocyclotron. L. Kornblith, Jr., 
‘The University of Chicago, Chicago, Ill. 


_ Nuclear Counting on the Chicago Synchrocyclotron. 
_ M. Glickman, H. L. Anderson, R. Martin, The University 
_ of Chicago, Chicago, III. 


_ A 10-Millimicrosecond Scaler. J. Fischer, J. Marshall, 
_ The University of Chicago, Chicago, III. 


_ Instrumentation for Nucleonics and Attendant Accu- 
racy Problems. R. H. Delgado, Nuclear Instrument and 
‘Chemical Corporation, Chicago, III. 


12:30 p.m. Luncheon in the Ballroom 


_ Electronics—Thou Most Admired Disorder! J. S. 
Coggeshall, The Western Union Telegraph Company, 
~ New York, N. Y. 


! 
2:30 p.m. Filters II 


_ Program prepared in co-operation with the IRE Profes- 
_ sional Group on Circuit Theory 


The Role of Nonlinear Filters in Electronic Systems. 
_ W. D. White, Airborne Instrument Laboratories, Min- 
* eola, N. Y. 


Time Filtering of Impulses. A. A. Gerlach, Cook Re- 
search Laboratories, Chicago, III. 


Computational Techniques Which Correlate Steady 
State and Transient Response of Filters. E. A. Guille- 
min, Massachusetts Institute of Technology, Cambridge, 
Mass. 


Use of Sampling Functions to Design for Transient 
Response. JW. K. Linvill, Massachusetts Institute of 
Technology, Cambridge, Mass. 


Potential Analogue Methods of Solving the Approxi- 


mation Problem of Network Synthesis. R. E. Scott, 
Massachusetts Institute of Technology, Cambridge, 
Mass. 

2:30 p.m. Television II 


Transition Effects in Compatible Color Television. 
J. B. Chatten, R. C. Moore, Philco Corporation, Philadel- 
phia, Pa, 

Aperture Compensation for Television Pickup Equip- 


ment. &. C. Dennison, RCA Victor Division, Camden, 
i B 


An Automatic Television Overload Elimination Cir- 
cuit. C. Masucci, J. R. Peltz, W. B. Whalley, Sylvania 
Electric Products, Inc., Bayside, Long Island, N. Y. 


2:30 p.m. Electron Tubes II 


A Reflex Klystron Designed for Rapid Mechanical 
Tuning. R. C. Hergenrother, H. W. Cockrill, Raytheon 
Manufacturing Company, Waltham, Mass. 


A Medium-Power Developmental Traveling-Wave 
Tube for Microwave Relay Service at 2,000 Mega- 
cycles. W. W. Siekanowicz, Radio Corporation of 
America, Harrison, N. J 


Long Line Effect With Pulsed and Frequency-Modu- 
lated Magnetrons. W. M. Hall, Raytheon Manufac- 
turing Company, Waltham, Mass. 


The Influence of Vacuum Tube Component Tempera- 


tures on Characteristics and Life. I. £. Levy, Raytheon 
Manufacturing Company, Newton, Mass. 


The Transient Conduction of Current in a Hot- 
Cathode Gas Diode. J. Schuder, Purdue University, 
Lafayette, Ind. 


2:30 p.m. 


The Design of Computer Circuits to Operate at Ex- 
tremely High Temperatures. J. F. Koch, Jr., G. C. 
Hand, Jr., Technitrol Engineering Company, Philadel- 
phia, Pa. 


Computers 


A Data-Handling System for General Instrumentation. 
M. E. Frank, California Institute of Technology, Pasa- 
dena, Calif. 


The Application of Pulse Position Modulation to 
Digital Computers. C, B. Kinne, Raytheon Manufac- 
turing Company, Waltham, Mass. 


Magnetic Core Ring Counter. S. Guterman, R. D. 
Kodis, Raytheon Manufacturing Company, Waltham, 
Mass, 


Criteria for the Selection of Analogue-to-Digital Con- 
verters. G. L. Hollander, Massachusetts Institute of 
Technology, Cambridge, Mass. 


Wednesday, September 30 


9:30 a.m. 


Program prepared in co-operation with the IRE Pro- 
fessional Group on Circuit Theory 


Network Synthesis 


Formulation of the Approximation Problem. JN. Bal- 


banian, Syracuse University, Syracuse, N. Y. 


The Role of Conformal Transformations in Network 
Synthesis. IW. R. LePage, Syracuse University, Syracuse, 
NOY, 


The Role of Analytic Continuation in Network Syn- 
thesis. S. Seely, Syracuse University, Syracuse, N. Y. 


Synthesis of Resistance-Capacitance Shunted High- 
Pass Networks. C. F. White, Naval Research Labora- 
tory, Washington, D. C. 


9:30 a.m. Transistors 


Transistor Amplifiers Applied to Delay Lines. A, H. 
Schooley, Naval Research Laboratory, Washington, D. C. 


Automatic Gain Control of Junction Transistor Ampli- 
fiers. F.H. Blecher, Bell Telephone Laboratories, Mur- 
ray Hill, N. J. 


Transistor Feedback Amplifiers. $§. K. Ghandhi, Gen- 
eral Electric Company, Syracuse, N. Y. 


Stability Analysis of a Basic Transistor Switching Cir- 
cuit. JZ. R. Bashkow, Bell Telephone Laboratories, Inc., 
Murray Hill, N. J. 


An Amplitude-Stabilized Transistor Oscillator. EF. R. 
Kretzmer, Bell Telephone Laboratories, Inc., Murray Hill, 
IN, ws 


9:30 a.m. Instrumentation I 


Millimicrosecond Timer Utilizing a Spiral Sweep 
Cathode-Ray Oscillograph, Warren Slie, R. H. Stresau, 
C. Goode, Naval Ordnance Laboratory, White Oak, 
Silver Spring, Md. 


A Multi-Exposure Microsecond Photographic System. 
L. D. Findley, E. S. Kennedy, J. H. Van Horn, Midwest 
Research Institute, Kansas City, Mo. 


The Generation of Precisely Known Phase Relation- 
ships. J. Mf. Looney, Technology Instrument Corpora- 
tion, Acton, Mass, 


High Input Impedance Metering Circuit Employing 
Precision Zero Suppression for Extending Input 
Range. A. D. Ehrenfried, Massachusetts Institute of 
Technology, Cambridge, Mass. 


9:30 a.m. 


A High-Power Microwave Coupler Design. G. J. 
Cohn, G. T. Flesher, Ulinois Institute of Technology, Chi- 
cago, Ill, 


Wideband Waveguide to Coaxial Line Adapters 
Using Stepped Ridge Transformers. L. Swern, Sperry 
Gyroscope Company, Great Neck, N. Y. 


Microwaves 


Electromagnetic Propagation Through Waveguides of 
Curtate-Sector Cross Section. La Plante, T. J. Higgins, 
University of Wisconsin, Madison, Wis, 


Determination of the Design Constants of Dielectric 
and Metal-Plate Ultrahigh-Frequency Lenses by Use 
of Physical Analogy. W. B. Swift, T. J. Higgins, Uni- 
versity, of Wisconsin, Madison, Wis. 


Measurement of Microwave Local Oscillator Noise. 
G. C. Dalman, E. Ortiz, Sperry Gyroscope Company, 
Great Neck, N. Y. 


12:30 p.m. Luncheon in the Ballroom 


2:30 p.m. 


Program prepared in co-operation with the IRE Profes- 
sional Group on Engineering Management and the IRE 
Professional Group on Quality Control 


Engineering Management 


Statistical Methods in Experimental Design Serve the 
Electronics Industry. F., Caplan, Jr., General Electric 
Company, Syracuse, N. Y. 


Control of Cost of Research and Development Proj- 
ects. H. J. Finison, Armour Research Foundation, Chi- 
cago, Ill. 


Staff Engineer’s Part in Control of Design and Devel- 
opment Costs. H. G. Purinton, Bendix Radio Company, 
Baltimore, Md. 


An Engineering Incentive Problem. H. Goldberg, 
National Bureau of Standards, Washington, D. C. 


The Engineer and His Customer. C. A. Maynard, The 
Indiana Steel Products Company, Valparaiso, Ind. 


2:30 p.m. Instrumentation II 


The Scintillation Counter as a Low-Voltage X-Ray 
Detector. H. Berger, General Electric Company, Mil- 
waukee, Wis. 


Counter Technique in Interference Analysis. M. M. 
Newman, R. C. Schwantes, J. R. Stahmann, Lightning and 
Transients Research Institute, Minneapolis, Minn, 


Conclusive Voltage Calibration of High-Frequency 
Signals. W, K. Volkers, Millivac Instrument Corpora- 
tion, Schenectady, N. Y. 


The Crystal Constant in Microwave Measurements, 
G. T. Flesher, Ilinois Institute of Technology, Chicago, 
Ill. 


Void Detector for Sheet Insulating Materials. R. E. 
Anderson, General Electric Company, Schenectady, N. Y. 
2:30 p.m. 


Program prepared in co-operation with the AIEE Com- 
munication Division Committee 


Communication 


Accuracy and Speed on Short-Wave Teleprinter 
Services. J. B. Moore, RCA Communications, Inc., 
New York, N. Y. 


Transatlantic Telephone Communications. J. R. Rae, 
American Telephone and Telegraph Company, New 
York; N. Y- 


The Application of Wideband Radio-Relay Methods 
in International Telecommunication Services, Includ- 
ing Transatlantic Television. W. S. Halstead, Unitel, 
Inc., New York, N. Y. 


Design of a Commercial Facsimile System. H. P. Cor- 
with, Western Union Telegraph Company, New York, 
INGNG 
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AIEE Plans Two Sessions 
at ISA Conference and Exhibit 


The AIEE, as a participating society, will 
conduct two technical sessions at the Eighth 
National Instrument Conference and Exhibit 
of the Instrument Society of America (ISA) 
in Chicago, Ill., September 21-25, 1953. 
The sessions are planned for the afternoon of 
September 23 and the morning of September 
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24. As is customary, the ISA will provide 
the AIEE with a booth where persons may 
obtain copies of papers and other literature of 
interest to those attending. The booth may 
be used also as headquarters for AIEE spon- 
soring committees and members. 

Members of the general committee for the 
AIEE program are A. J. Hornfeck, chairman 
of the AIEE Subcommittee on ISA Co- 
operation, Bailey Meter Company, Cleve- 
land, Ohio; J. G. Reid, Jr., chairman of the 
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AIEE Committee on Instruments and 
Measurements (sponsoring committee), Na- 
tional Bureau of Standards, Washington, 
D. C.; W. H. Wickham, chairman for local 
arrangements, Commonwealth Edison Com- 
pany, Chicago, Ill.; R. W. Jones, chairman 
of the AIEE Chicago Section, Northwestern 
University, Chicago, Ill.; and R. S. Gard- 
ner, AIEE Headquarters representative. 

For details of the AIEE technical program, 
see August Electrical Engineering, page 717. 
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Tentative Schedule of Sessions 
Announced for AIEE Fall Meeting 


Arrangements are in progress for the 
program of the Fall General Meeting to be 
held in Kansas City, Mo., November 2-6, 
1953. Headquarters for the meeting will be 
in the Hotel Muehlebach. A full program 
of broad general interest which is appropriate 
for the locality of the meeting will be pre- 
sented in combination with inspection trips, 
entertainment, and special activities for the 
visiting ladies. There is much to see in 
Kansas City and the coming meeting should 
be one of great interest, particularly when 
combined with the sessions being prepared 
by the technical committees of the Institute. 


TECHNICAL SESSIONS 


During the 5 days of the meeting, it is ex- 
pected that 29 technical sessions will be held 
in four broad divisions of Institute endeavor: 
communications, science and _ electronics, 
industry, and power. In addition, a general 
session of interest for all Institute members 
and a session on safety will be held. The 
tentative schedule of the technical sessions 
being arranged is as follows: 


Monday, November 2 
10:00 a.m. General session 


2:00 p.m. Switchgear 
Communication switching systems 
Petroleum 
Computing devices 


Tuesday, November 3 


9:30 a.m. Safety 
Switchgear 
Petroleum 


2:00 p.m. Aural broadcasting 
Industrial 
Insulated conductors 
Petroleum 


Wednesday, November 4 


9:30 a.m. Television 

Eastern mining 

Transmission and distribution 
2:00 p.m. Western mining 


Transmission and distribution 
Radio communication systems 
Electrochemistry 


Thursday, November 5 


9:30 a.m. Power generation 
Science and electronics 
2300 p.m. Power generation 


Science and electronics 
Industrial control 
System engineering 


Friday, November 6 


9:30 a.m. Protective devices and relays 
System engineering 
2:00 p.m. Rotating machinery 


Transformers 
Feedback control systems 


INSPECTION TRIPS 


Arrangements are being made for the 
following trips to industries in Kansas City 
and vicinity. Every effort is being made to 
emphasize the technical aspects of each trip, 
but they also should afford the members an 
opportunity to see the city. 


Platte Pipe Line Company has the nation’s 
newest crude oil transportation system. Its 
20-inch pipe line extends from Chatham, 
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Scheduled for in- 
spection during 
the Fall General 
Meeting is the 
Platte Pipe Line 
Company. Here, a 
dispatcher controls 
the flow of crude 
oil over 1,056 miles 
of pipe line auto- 
matically from 
Kansas City by 
microwave 


Wyo., to Woods River, Ill., a distance of 
1,056 miles, in which there are 12 pumping 
stations and 13 valve stations. The opera- 
tions are controlled from a headquarters in 
Kansas City with a microwave communica- 
tions system which provides a means for dis- 
patching, administration, telemetering, and 
supervisory control of the pumping stations. 
A trip through the dispatcher’s office and 
microwave station at the top of the Power 
and Light Building should prove informative 
as well as interesting. 


Hawthorn Power Plant of Kansas City Power 
and Light Company is a new steam-electric 
generating station. It has two 66,000-kw 
and one 99,000-kw unit. Another 99,000- 
kw unit is under construction. The unit 
system design is used and fired with pulver- 
ized fuel. Voltage is stepped up to 66,000 
and 161,000 at the plant and transmitted via 
overhead transmission lines. 


Station WDAF-TV of the Kansas City Star is 
located in a new building in which all of the 
programs, studio, commercial, communica- 
tion, and operating facilities are assembled in 
one place. Special attention will be given 
to the electric equipment and its operation on 
the inspection trip. The station is rated at 
100 kw of visual effective radiated power. 
It operates between 66 and 72 megacycles on 
Channel 4, The adjacent tower is 724 feet 
high. 


Sheffield Steel Corporation, one of the largest 
steel companies in the Midwest, has many 
features of interest to engineers. Two of 
these are the new electric arc furnace’and the 
rod and merchant mill. The electric furnace 
has 100-ton capacity and is rated at 25,000 
kva. Approximately 4 hours of continuous 
operation are required to melt down scrap 
steel ready to tap. This furnace is one of the 
largest in the area and has seen service since 
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The General Motors Corporation Plant where 
Buicks, Oldsmobiles, and Pontiacs are 
assembled and finished on the same line is 
an interesting operation scheduled for in- 
spection by the members. 


HOTEL ACCOMMODATIONS 


It is suggested that members planning to 
attend should make their hotel reservations 
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early. Requests for hotel rooms should be 
addressed to Miss Mary Nugent, AIEE 
Housing Bureau, 1030 Baltimore Avenue, 
Third Floor, Kansas City 6, Mo. Rooms 
have been set aside at the following four ho- 
tels. The hotel and type of accommodation 
as well as the rate desired should be specified 4 
Every effort will be made to supply accom- 
modations requested. 


The Continental at 11th and Baltimore. . $4.50 to $12.06 
Hotel Muehlebach at 12th and Baltimore 6.00 to 15.00 
The Phillips at 12th and Baltimore...... 5.00 to 10.50 
The President at 14th and Baltimore.... 5.00 to 13.00 


COMMITTEES 


The members of the General Committee 
for the 1953 Fall General Meeting are C. G; 
Roush, chairman; Riley Woodson, vice- 
Chairman; S. M. Pollock, secretary-treas3 
urer; C. M. Lytle, Vice-President, District 
7; J. C. Bibbs, J. E. Barfield, O. H. Johnson: 
C. M. Haynes, members-at-large. The 
subcommittee chairmen are J. P. Kesler 
registration and hotel; William Carter 
reception; L. M. Schindler, technical pro 
gram; R. L. Baldwin, finance; A. C. Kirk 
wood, entertainment; H. E. James, inspec: 
tion trips; M. J. Horney, publicity; L. 
Davis, transportation; O. L. Starcke, print 
ing; W. P. Smith, students; Mrs. S. 
Pollock, ladies. 


Committee on Computing Devices 
Reports on Recent Activities 


In the discharge of its function of promot 
ing fundamental developments in the co 
puter field, providing a medium for the inte 
change of information on computer develo 
ments and application, and in keeping th 
AIEE membership informed of progress ii 
this field, the AIEE Committee on Comput 
ing Devices is now active on a number 
projects. | 

It is a participant with the Institute c 
Radio Engineers (IRE) and Association f 
Computing Machinery in the Joint Con 
puter Conference which now is set up on | 
permanent annual basis. The first confe 
ence held in 1952 dealt with electronic digité 
computers, and the 1953 conference with ‘i 
put-output devices. The next conference 
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ecember 8 to 10, 1953, in Washington, 
C., will deal with information-processing 
vices, their reliability and requirements. 
oceedings of these conferences have been 
iblished and copies are available from 

EE Headquarters, 33 West 39th Street, 
New York, N. Y., as follows: 


1. Review of Electronic Digital Computers, February 
2. $3.50. 
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2. Review of Input-Output Equipment used in 
omputing Systems, March 1953. $4.00. 


. The December 1953 conference proceedings will 
e published by IRE. 


| Other committee activities include the 
ollowing. 

_ A Western Joint Computer Conference is 
being planned for February 1954 in southern 
Jalifornia. 

| At the Summer General Meeting session on 
new developments in digital computers in 
| Atlantic City, N. J., four papers were pre- 
sented dealing with memory devices and 
analogue-digital converters. 

' A bibliography committee is active under 
the direction of Dr. J. W. Mauchly of Rem- 
ington Rand and has a computer bibliogra- 
phy nearing completion, including short 
abstracts of each item, which probably will 
be presented in January 1954. 

_ A subcommittee on digital computer com- 
parisons has been formed under the direction 
of W. H. MacWilliams, Jr., Bell Telephone 
Laboratories, Whippany, N. J. Anyone 
having made comparisons which might be 
contributed to this effort should contact Dr. 
MacWilliams. 

The other subcommittee chairmen, G. G. 
Hoberg, Philadelphia, Pa., (digital com- 
puters); Dr. G. D. McCann, California 
Institute of Technology, Pasadena, Calif. 
(analogue computers); and C. R. Wayne, 
Syracuse, N. Y., (analogue-digital conversion 
devices) will be glad to receive suggestions 
for session topics, papers, or projects in their 
respective fields. 

Technical sessions at the Winter General 
Meeting will include papers on analogue 


John W. Baring (M 41), assistant chief test- 
ing engineer, Commonwealth Edison Com- 
pany, Chicago, Ill., has been transferred to 
the grade of Fellow in the AIEE “in recogni- 
tion of contributions to fundamental data 
in the field of power equipment design and 
operation.” Mr. Baring was born in Chi- 
cago, Ill., March 28, 1895, and completed 
4 years in electrical engineering at Armour 
Institute of Technology in 1916. The same 
year, he became associated with the Com- 
imonwealth Edison Company’s Testing De- 
partment. Prior to 1940, Mr. Baring served 
as tester, testing engineer, and starting engi- 
neer. He was directly responsible for the 
lcorrect operation of the generators and 
auxiliary electric equipment when put in 
service, and had responsibility for detecting 
/errors, if any, in the manufacture, engineer- 
ing, or construction of the electric equip- 
ment or its installation. He analyzed cases 
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computer comparisons and new develop- 
ments in digital and analogue computers. 
A session is planned also on ‘‘Making Digital 
Computers Useful to Engineers.” This will 
be a study of programming problems, includ- 
ing both simplified programs or computer 
arrangements particularly adapted to the 
rapid and convenient programming of the 
medium-sized problems characteristic of 
engineering. ‘Technical papers should be 
submitted by October 20, 1953, for this 
meeting. 

Suggestions or questions regarding the 
functioning of the committee should be 
addressed to the chairman, F. J. Maginniss, 
Analytical Engineering Department, Gen- 
eral Electric Company, Schenectady, N. Y. 


Lamme Medal Nominations 
Must Be Submitted by December 1 


Members of the Institute again are re- 
minded that they have an opportunity to 
submit nominations for the 1953 Lamme 
Medal. All nominations must be received 
not later than December 1, 1953. 

Details regarding qualifications for the 
award were published in the June 1953 issue 
of Electrical Engineering, page 545. 


COMMITTEE 
ACTIVITIES 


Editor’s Note: This department has been created 
For the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Heaa- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Note. Because of the changeover in 
committee personnel, no items on committee 
activities are included in this issue. 


AIEE FELLOWS ELECTED... 


Board of Directors Meeting, April 23, 1953 


of trouble, assisted the Construction Depart- 
ment in restoration of service, acted as con- 
sultant to the Engineering Department on de- 
sign problems and to the Operating Depart- 


& 
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ment on operation of equipment. Since 
1940, he has held the positions of head starting 
engineer, apparatus engineer, and assistant 
chief testing engineer. As head starting engi- 
neer, he directed the activities of testing 
engineers in the generating stations, as ap- 
paratus engineer, he directed the activities of 
all testing engineers for the Edison System. 
As assistant chief testing engineer, the posi- 
tion he has held for the past 5 years, he 
assists in directing the activities of the testing 
department. Activities under his direction 
include testing and certifying for service 
all electric equipment on the system; the test- 
ing and maintenance of protective relays, 
station instruments, supervisory controls, 
electronic devices, and carrier current instal- 
lations; and chemical testing. Mr. Baring 
is a member of the Western Society of Engi- 
neers and is a registered professional engi- 
neer in IIlinois. 


Herbert H. Cox (AM ’08, M ’27, Member 
for Life), assistant engineer of operation, De- 
partment of Water and Power, City of Los 
Angeles, Calif., has been transferred to the 
grade of Fellow in the AIEE “‘in recognition 
of pioneering work in the field of large high- 
voltage systems.’? Mr. Cox was born in Dan- 
ville, Ind., July 15, 1888, and graduated 
from California Polytechnic School in 1906. 
From September 1905 Mr. Cox occupied 
positions in connection with the operation 
of electric plants in California, both hydro- 
electric and steam-electric. In May 1913 
he was placed in charge of the operation of 
the 150,000-volt transmission system of the 
Pacific Light and Power Company. From 
May 1917 to May 1922 he continued super- 
vision of this transmission line of the South- 
ern California Edison Company, while the 
first experimental 220,000-volt transmission 
line was placed in service under his control. 
On the basis of this experience and with de- 
velopment of the operating techniques, the 
entire Big Creek system was raised from 
150,000 to 220,000 volts. In May 1922 the 
electric system of the Southern California 
Edison Company within the City of Los 
Angeles was purchased by the Department 
of Water and Power. Mr. Cox was trans- 
ferred to the department and placed in charge 
of operating all terminal receiving stations 
and distributing stations within the city. 
In 1924 he was named a member of a com- 
mittee which directed all the early prelim- 
inary work in connection with the develop- 
ment program for the power supply from 
Hoover Dam and the 287,500-volt trans- 
mission system for that purpose. In August 
1946 Mr. Cox was given responsibility 
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for the construction, operation, and main- 
tenance of the distribution system within the 
City of Los Angeles. Mr. Cox has been active 
in the development of safe practices for work 
on high-voltage underground cables. He is 
a member of the Pacific Coast Electrical 
Association and the Electric Club of Los 
Angeles. He is past chairman of the Los 
Angeles Section of the AIEE (1921-22). 


Frederick B. Johnson (M ’37), chief testing 
engineer, Commonwealth Edison Company, 
Chicago, Ill., has been transferred to the 
grade of Fellow in the AIEE “for contribu- 
tion to the improvement of commutation in 
rotary converters and to the development of 
remote control for urban substations.” Mr. 
Johnson was born in Waukon, Iowa, July 26, 
1889, and received the electrical engineering 
degree from Iowa State College in 1910. He 
joined Commonwealth Edison in 1912 as a 


Robert E. Poole 


James Riley Stover 


tester, later becoming testing engineer, 
starting engineer, apparatus engineer, assist- 
ant chief testing engineer, and at present 
chief testing engineer. Mr. Johnson has been 
responsible for certification of electric equip- 
ment for use and for installation of the equip- 
ment in substations and distributing stations. 
He certified for installation thousands of 
kilowatts of capacity for a large district of the 
system in Chicago. As chief of the testing 
department, he is responsible for its opera- 
tion. The activities of the department in- 
clude testing and certifying for service all 
electric equipment in generating stations 
and substations on the system; the testing 
and maintenance of protective relays, station 
instruments, supervisory controls, electronic 
devices, and carrier current installations; and 
chemical testing. He is a member of the 
Western Society of Engineers and is a regis- 
tered professional engineer in the state of 
Illinois. 


Board of Directors Meeting, June 18, 1953 


Robert E. Poole (AM ’°24, M °34), vice- 
president—development, Sandia Corporation, 
Albuquerque, N. Mex., has been transferred 
to the grade of Fellow in the AIEE “in 
recognition of able administration of scien- 
tific and engineering projects, and contribu- 
tions to the development of radio telephony 
and television, radar, and atomic weapons.” 
Mr. Poole was born in West Hoboken, N. J., 
January 17, 1899, and was graduated from 
Stevens Institute of Technology in 1921. 
He was an instructor in electrical engineering 
at Stevens from 1921 to 1924, also serving 
as an assistant in work on radio receiver 
design, vacuum tube design, and measure- 
ment of soil resistivity in connection with 
electrolysis surveys. Since 1924 he has been 
a member of the technical staff of Bell Tele- 
phone Laboratories. From 1924 to 1926 
he prepared designs and conducted experi- 
mental work on circuits of 5- and 50-kw 
radio broadcast transmitters, having been 
placed in charge of the engineering staff 
at the radio development laboratory in 
Whippany, N. J., in 1924. In 1928 he 
designed, installed, and operated 50- and 
5-kw radio apparatus for a radio television 
demonstration, and from 1929-1933 super- 
vised the design and construction of a 300- 
kw long-wave transmitter for use in the trans- 
atlantic telephone system. From 1933-1935 
he supervised design of all Western Electric 
radio broadcast transmitting equipment. 
He was appointed department head in charge 
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of broadcasting and transoceanic division of 
apparatus development department in 1935 
and in 1936 was appointed broadcast de- 
velopment engineer of Bell Laboratories. 
In 1939 he supervised the first application of 
radar principles for experimental purposes 
and subsequently in 1940 developed the 
first Army fire control mobile radar equip- 
ment and in 1941 supervised the development 
of the first Navy fire control radar. From 
1942 to 1947, as a department head, Mr. 
Poole supervised the development of Navy, 
Army, and Air Force radar fire control and 
bombing equipment. He was appointed 
director of military electronics department of 


AIEE PERSONALITIES..... 


D. A. Quarles (AM °’23, F°41), presi- 
dent, Sandia Corporation, Albuquerque, N. 
Mex., and vice-president, Western Electric 
Company, Inc., New York, N. Y., has been 
appointed Assistant Secretary of De- 
fense for Research and Development. Mr. 
Quarles, who was president of the Institute 
for 1952-53, was formerly a vice-president 
of the Bell Telephone Laboratories, Inc., 
New York. He was born on July 30, 1894, 
in Van Buren, Ark., and was graduated 
from Yale University in 1916 with a bachelor 
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Bell Laboratories in 1948, and in 1949 he 
was appointed director of research — ar 
development, Sandia Laboratory, in charg 
of ordnance development, design, a 
application of atomic weapons for — 
Atomic Energy Commission. He becai 
vice-president—development ine 19528 
Poole is also serving as chairman, Speci 
Weapons Development Board. He is 2 
member of the Institute of Radio Engine 

and has served on the AIEE cae 
Standards (1949-50) and as a Liaison Repre- 
sentative on Standards (1951-53). 


. 


James Riley Stover (AM °26, M 32), chie: 
electrical engineer, New York State Electri 
and Gas Corporation, Binghampton, ha 
been transferred to the grade of Fellow in th 
AIEE ‘“‘for contributions to the electrica 
development of an electric utility partic: 
ularly in transmission and distribution.” 
Mr. Stover was born in Boalsburg, Pa. 
June 1, 1898, and graduated from Pennsyl 
vania State College i in 1921 with a bachelo: 
of science degree in electrical engineering; 
Soon after graduation he became associated 
with the Pennsylvania Edison Compan 

Easton, as electrical system operator an 
load dispatcher. In 1923 he joined Met 
politan Edison Company, Reading, Pa. 
first as test engineer and later in substation 
design and construction. From 1926 te 
1939 he was with W. S. Barstow and Come 
pany (later E. M. Gilbert Engineering 
Corporation), Reading. During this perioe 
Mr. Stover served as electrical engineer G 
numerous construction and improvemer 
projects, designed a short-circuit slide rull 
for use on transmission and distributioo 
systems, supervised engineering work ii 
preparing a transmission line standard 
book, and prepared short-circuit, load, ana 
stability studies and reports. In 1939 br 
joined New York State Electric and Gz 
Corporation. Some of the projects unde 
his supervision were installation of ste 

voltage regulators on interconnections, de 
sign of underground network systems 
preparation of standards, design of a metho) 
of extinguishing the arc on a gang-operate: 
outdoor 115-kv air-break switch by hig? 
pressure air or gas, and general distribution 
design studies regarding major changes an 
additions to the distribution system, Mi 
Stover became chief electrical engineer i 
1951. He is a member of the New Yor 
State Society of Professional Engineers ani 
the Edison Electric Institute and is a veil 
tered professional engineer in New York ani 
Pennsylvania. . 


of arts degree. During World War I k 
served with the United States Army for 
years before he was discharged with the rar 
of captain. In 1919 he joined the Wester 
Electric Company Engineering Departmer 
which, in 1925, became Bell Telephon 
Laboratories, Inc. From 1919 to 1924 hi 
was in transmission engineering and researg 
and then for 4 years he was a member of tH 
Inspection Engineering Department j 
charge of apparatus inspection engineerin} 
He was made director of Outside Plant De 
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velopment in 1929 and was in charge of the 


“study of telephone materials and designs used 
in the outside plant and the development of 
mew and improved materials and designs. 


' As director of Transmission Development 


from 1940 to 1944 he was in charge of the de- 
‘velopment of carrier telephone systems, 


_ broad-band telephone and television systems, 
and improved voice-frequency transmission 


systems. He was elected a vice-president of 
the Laboratories in 1947. Mr. Quarles was 


vice-chairman of the committee on elec- 
tronics of the Government’s Joint Research 


and Development Board. He is a member 


_ of the American Physical Society, the Insti- 


tute of Radio Engineers, the Yale Engineer- 


ing Association, the American Association 


for the Advancement of Science, and the 
Telephone Pioneers of America. Mr. 
Quarles also has served the AIEE as a direc- 
tor and on many committees including 
Finance, Edison Medal, Electronics, Instru- 
ments and Measurements, Planning and Co- 
ordination, Headquarters, Lamme Medal, 
and Management. The Institute takes 
pride in this distinguished honor which has 
been conferred upon Mr. Quarles. 


I. M. Stein (AM ’18, F ’39), executive vice- 
president, Leeds and Northrup Company, 
Philadelphia, Pa., has been elected president 
of the company. Mr. Stein was born in 
Long Branch, N. J., and received his early 
scientific education at Edison Technical 
School and Columbia University. For 
several years he was associated with New 
York Edison Laboratories. During World 
War I he was personal assistant to Thomas A. 
Edison when the inventor was chairman of 
the Naval Advisory Board. Mr. Stein 
joined Leeds and Northrup in 1919 as a sales- 
man. In 1928 he was appointed director of 
research. He was elected a vice-president in 
1944 and in 1951 became executive vice- 
president. He received a Presidential Cer- 
tificate of Merit for his work as a section head 
in the Office of Scientific Research and De- 
velopment, in which he served during World 
War II. Mr. Stein is a fellow of the Ameri- 
can Association for the Advancement of 
Science and The American Society of 
Mechanical Engineers and a member of the 
Society, Pennsylvania 
Society of Professional Engineers, and the 
Engineers Club of Philadelphia. He is chair- 


* man of the museum committee of the Frank- 
"in Institute and was formerly chairman of 
» the Engineers Joint Council’s Committee on 
* the Economic Status of the Engineer. A 
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former vice-president of the Institute (1937— 
39), Mr. Stein has served on the following 
AIEE committees: Membership (1926-27, 
1931-33); Sections (1929-41, Chairman, 
1933-36); Board of Directors (1937-39); 
Planning and Co-ordination (1933-44); 
Publication (1934-42, Chairman, 1936-40); 
Award of Institute Prizes (1936-40); Tech- 
nical Program (1936-41); Constitution and 
Bylaws (1938-46, Chairman, 1941-44); 
Institute Policy (1938-40); Lamme Medal 
(1941-44); Science and Electronics Division 
(1948-53); and Edison Medal (1946-51). 


C. S. Redding (AM 712, F 748, Member for 
Life), president, Leeds and Northrup Com- 
pany, Philadelphia, Pa., has become chair- 
man of the board. Mr. Redding first be- 
came associated with Leeds and Northrup 
as a draftsman in 1901, but he left the com- 
pany 15 months later to enter the University 
of Pennsylvania, where he was graduated in 
1907. He rejoimed Leeds and Northrup in 
1909 as a salesman after teaching 2 years at 
the university, which honored him with the 
degree of doctor of science in 1947. He was 
appointed associate sales manager in 1917 
and successively became second vice-presi- 
dent, assistant treasurer, treasurer, factory 
manager, and vice-president in charge of 
engineering and development. He was 
elected president just before World War II. 
Mr. Redding is a director and past president 
of the Franklin Institute, Metal Manufac- 
turers Association of Philadelphia, and 
Scientific Apparatus Makers Association, 
and a trustee of Drexel Institute of Tech- 
nology. He is a member of the American 
Physical Society and the American Associa- 
tion for the Advancement of Science. 


C. E. Smith (AM °32, M ’38), vice-president 
in charge of engineering, United Broadcast- 
ing Company, Cleveland, Ohio, has resigned 
from United Broadcasting and will devote 
full time to consulting engineering work. 
Mr. Smith’s new organization will continue 
under the name of Carl E. Smith Consulting 
Radio Engineers. Mr. Smith also continues 
to serve as president of Cleveland Institute of 
Radio Electronics. Mr. Smith is a 1930 
engineering graduate of Iowa State College. 
After a year with RCA Victor Company, 
Camden, N. J., he took postgraduate work at 
Ohio State University, obtaining a masters 
degree in 1932 and a professional degree in 
1936. He became associated with United 
Broadcasting at that time. During World 
War II Mr. Smith was assistant chief, Opera- 
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tional Research Staff, War Department, 
Washington, D. C., where he was initially in 
charge of training and later headed the 
equipment and propagation activities. He 
is a member of the Institute of Radio Engi- 
neers, American Society for Engineering 
Education, Society of Motion Picture and 
Television Engineers, and the Cleveland 
Engineering Society. He is a registered pro- 
fessional engineer in Ohio and Washington, 
D. C., and has served on the AIEE Com- 
mittee on Radio Communication Systems 
(1951-53). 


D. I. Bohn (AM ’23, F °49), chief electrical 
engineer, Aluminum Company of America, 
Pittsburgh, Pa., has asked to be relieved of 
his duties and responsibilities for reasons of 
health and accordingly has been re- 
assigned to head special electrical develop- 
ment engineering work. Mr. Bohn was 
awarded the 1950 AIEE Lamme Medal “for 
his pioneering development and application 
of electrical equipment for controlling recti- 
fying systems in the production of alumi- 
num.” Mr. Bohn was born November 29, 
1896, in Chicago, Ill., and was graduated 
from the University of Wisconsin in 1921 
with the degree of bachelor of science in elec- 
trical engineering. For 2 years following his: 
graduation, Mr. Bohn was associated with 
the General Electric Company. In 1923, 
he became assistant electrical superintendent, 
Aluminum Company of America, and was 
appointed electrical superintendent in 1926, 
assistant chief electrical engineer in 1928, and 
chief electrical engineer in 1946. He has 
written many technical articles and has many 
patents to his credit. Mr. Bohn has done 
work in the field of induction heating, elec- 
tric resistance welding of aluminum, and was 
in charge of the first large installation of 
mercury-arc rectifiers in the industry in the 
United States. He is a member of the 
Association of Iron and Steel Engineers. 


L. N. Grier (AM °22, M ’42), assistant chief 
electrical engineer, Aluminum Company of 
America, Pittsburgh, Pa., has been named 
chief electrical engineer. Mr. Grier has 
more than 30 years service with the company. 
Mr. Grier was graduated magna cum laude 
from Rutgers University in electrical engi- 
neering. He has assisted in the electric plans 
and specifications for practically all major 
building operations of Aluminum Company 
of America, as well as the introduction of the 
use of mercury-arc rectifiers in aluminum 
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reduction in the United States. Mr. Grier 
was made assistant chief electrical engineer 
in 1944. He has been a member of the 
Institute Committees on Industrial Power 
Systems (1946-49) and Mining and Metal 
Industry (1947-53). 


C. M. Gilt (AM ’21, F °35), assistant purchas- 
ing agent, Consolidated Edison Company of 
New York, N. Y., has been elected president 
of the New York State Society of Professional 
Engineers. Mr. Gilt has served Consoli- 
dated Edison both as inside plant engineer 
and outside plant engineer. He is a member 
of the American Society for Testing Ma- 
terials and has been active in committee 
work of the Edison Electric Institute and the 
American Standards Association, Mr. Gilt 
has served on the following Institute com- 
mittees: Electrical Machinery (1926-31, 
1937-42, Chairman, 1940-42); Standards 
(1928-31, 1941-51); Technical Program 
(1940-42); and Transmission and Distribu- 
tion (1942-44). T. M. Linville (AM ’27, 
F °47), manager, Manager Development 
Services Department, Management Con- 
sultation Services Division, General Electric 
Company, New York, N. Y., has been elected 
first vice-president of the society. 


D. M. Crawford (AM ’32, M ’46), secretary 
and treasurer, Duplan of Canada, Ltd., 
Montreal, Quebec, Canada, has been 
appointed co-ordinator for associated com- 
panies of the RCA International Division, 
Radio Corporation of America (RCA), New 
York, N. Y. The associated companies of 
RCA which operate outside the United 
States, are located in Argentina, Australia, 
Brazil, Canada, Chile, England, Greece, 
India, Italy, Mexico, and Spain. Mr. Craw- 
ford had been secretary and treasurer for 
Duplan of Canada, Ltd., since 1950. He 
served as assistant to the vice-president and 
treasurer of the Duplan Corporation, New 
York, N. Y., from 1946 to 1950. Between 
1941 and 1946, Mr. Crawford was secretary 
of the J. G. White Engineering Corporation, 
New York, N. Y. 


G. D. Montgomery (AM °32, M °38), air 
defense systems engineer, Bell Telephone 
Laboratories, Inc., Summit, N. J., has been 
named military communications manager, 
Long Lines Department, American Tele- 
phone and Telegraph Company, New York, 
N.Y. Mr. Montgomery began his career in 
Denver, Colo., as a student in the plant de- 
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partment of Long Lines. In 1938, he be- 
came division transmission engineer at Den- 
ver and a year later was transferred to Albu- 
querque, N. Mex., as district plant superin- 
tendent. During 1943 he served 5 months 
as a consultant on Communications and Air 
Navigation Aids, followed by a commission 
as major in the United States Air Force. 
The next 3 years were spent on Communica- 
tion and Navigation Air planning in North 
Africa, Europe, and the Pacific. His mili- 
tary service was ended as a lieutenant colonel. 
In 1947 Mr. Montgomery joined the Operat- 
ing and Engineering Department of the 
American Telephone and Telegraph Com- 
pany and in 1951 was transferred to the Bell 
Laboratories. 


J. M. Pearce (M ’50), president, Phebco, 
Inc., Baltimore, Md., has joined American 
Machine and Foundry Company, Elec- 
tronics Division, Boston, Mass., as director of 
engineering. Mr. Pearce has been active in 
the field of radio and electronics since 1925. 
He holds the Presidential Citation of Merit 
in recognition of his contribution to the 
proximity fuse program at the Applied Phys- 
ics Laboratory, Johns Hopkins University, 
Baltimore, during World War II. He was 
engaged in the guided missile program from 
1947 to 1952 at the Glenn L. Martin Com- 
pany of Baltimore as chief electronics engi- 
neer. Prior to that he was chief engineer in 
charge of development of guided missiles at 
Bendix Aviation Corporation, Pacific Divi- 
sion. For 17 years he was assistant chief 
engineer at radio station WGN, Chicago, Ill. 
Mr. Pearce is a member of the Institute of 
Radio Engineers. 


K. S. Geiges (AM 731, F *51), chief electrical 
engineer, Chicago, New York, and San 
Francisco Electrical Divisions, Underwriters 
Laboratories, Inc., New York, N. Y., has 
been appointed chief engineer with head- 
quarters in Chicago, Hl. Mr. Geiges 
graduated from Newark College of Engineer- 
ing in 1928 with a bachelor of science degree 
in electrical engineering and in 1943 received 
his master of science degree at Stevens 
Institute of Technology. He joined the 
Laboratories staff in New York, N. Y., as an 
assistant electrical engineer in 1928. In 1940 
he was appointed associate electrical engineer 
and in 1941 service engineer. After serving 
as electrical section chief, Conservation 
Division, War Production Board, Washing- 
ton, D. C., in 1942 and 1943, Mr. Geiges 
spent the next 2 years in’the United ‘States 
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Navy as assistant to Navy Chairman, Arms 
Navy Joint Specifications Board. He return 
to the Laboratories’ New York Electricy 
Division in 1946 as associate electrical eng; 
neer and in 1951 was made chief electric 
engineer in charge of the Chicago, N 
York, and San Francisco Electrical Divisior 
Mr. Geiges has served on the AIEE Cor 
mittees on Electronics (1947-49) and Met 
lic Rectifiers (1949-52). 


F. W. Packer (AM 21, M ’41), transmissicy 
engineer, Pennsylvania Power and Ligh} 
Company, Allentown, has retired after mox 
than 35 years of service. Mr. Packer, | 
native of East Mauch Chunk, Pa., starte 
with the engineering department of tl 
Lehigh Valley Railroad, Hazleton, Pa., i 
1906. From 1908 to 1915 he was employes 
in an engineering capacity with the Charl¢ 
M. Dodson Company, Beaverbrook, P? 
In 1915 he joined the Hazleton Heights Im 
provement Company and in 1917, the Lehiga 
Navigation Electric Company, becomim 
assistant transmission engineer in 1918. 
1922 he was employed by Pennsylvani 
Power and Light Company as transmissio? 
engineer. Mr. Packer is a registered pro 
fessional engineer and is a member of 
Edison Electric Institute, Committee 
Revisions to the National Electrical Safet 
Code, the International Conference on Larg: 
Electric High-Tension Systems, Nation: 
Society of Professional Engineers, and Penr 
sylvania Society of Professional Engineers 
He has served on the AIEE Committee 0: 
Transmission and Distribution (1946-48). 


H. R. Arnold (AM 731, M ’51), Westing 
house Electric Corporation, Philadelphiz 
Pa., has been appointed assistant divisio1 
manager of the Aviation Gas Turbine Divi 
sion; and T. A. Daly (AM ’42, M °48), divi 
sion engineer, Ordnance Division, Westing 
house Electric Corporation, Sharon, Pa., ha 
been named manager of technical operation 
for the Aviation Gas Turbine Division. Mr 
Arnold joined Westinghouse in 1929 follow 
ing his graduation from the University c 
Colorado. He worked with the Trans 
former Division until 1941 when he entere: 
government service. He served in engineer 
ing capacities with the United States Nav 
and the State Department overseas unti 
1947, when he returned to Westinghouse 
He joined the Jet Division in 1952. Miz 
Daly, a graduate of Purdue~ University 
joined Westinghouse in 1942. Since then h 
has been engaged mainly in developmen 
work with the Ordnance Division. 


E. F, Peterson (AM ’33, M45), manage 
of marketing, Tube Department, Generz 
Electric Company, Schenectady, N. Y., ha 
been appointed manager of marketing fo 
the Radio and Television Department, Syra 
cuse, N. Y. Mr. Peterson, a graduate ¢ 
Kansas State College, joined the Gener: 
Electric Company in 1933 and the Tub 
Department in 1934. He was placed i 
charge of design engineering for receivin 
tubes in 1943. In 1948 he was named assis 
ant manager of the Tube Department an 
was appointed manager of sales the followin 
year. In 1951 he was appointed manage 
of marketing. 
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W. J. Greene (AM °36), assistant manager, 
Metallurgical Process Division, Air Reduc- 
on Company, Murray Hill, N. J., has been 
named assistant director of Metallurgical 
Research. Mr. Greene joined Air Reduc- 
tion in 1946 as a research and development 
engineer. In 1944 Mr. Greene was com- 
‘missioned as a lieutenant in the United 
States Naval Reserve and until 1946 was 
assigned to the Radiation Laboratory, 
Massachusetts Institute of Technology, Cam- 
- bridge, and the Naval Research Laboratory 
| Field Station, Boston, Mass. A graduate 
F of the Polytechnic Institute of Brooklyn in 
| 1935, Mr. Greene also has been associated 
_ with Western Electric Company and General 
— Company. 
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| M. C. Agress (AM °36, M 751), chief en- 
gineer, A. J. F. Industries, Inc., Brooklyn, 
__N.Y., has become president and sales manager 
| of the company. A graduate of Pratt 
Institute in 1939, Mr. Agress was formerly 
chief engineer, Penn Boiler and Burner 
ie Manufacturing Company, Lancaster, Pa., 
and project engineer, Lloyd Rogers and 
_ Company, New York, N.Y. Mr. Agress is a 
_ member of the Institute of Radio Engineers, 
Illuminating Engineering Society, American 
Electroplaters Society, and the New York 
State Society of Professional Engineers. 


C. H. Bissell (M °32), vice-president of engi- 
neering, Crouse-Hinds Company, Syracuse, 
N. Y., has been awarded a certificate from 
National Electrical Manufacturers Associa- 
tion in recognition of 50 years of service in 
the electrical industry. Mr. Bissell began 
his career in 1900 as a draftsman with Onon- 
daga Dynamo and Motor Company, Syra- 
cuse He joined Crouse-Hinds 2 years later. 
In 1907 he was made chief electrical engineer, 
a post he held until his appointment as vice- 
president in 1950. 


H. E. Beane (AM ’21, M ’28), general sales 
manager, Bristol Company, Waterbury, 
Conn., has been named vice-president of 
sales. He joined Bristol sales engineering 
organization in 1920 and 5 years later was 
made district manager of the Birmingham, 
Ala., office. In 1930 he became district 
manager of the Pittsburgh, Pa., office. 
Mr. Beane was made sales manager of the 
Instrument Division in 1943 and was pro- 
moted to general sales manager in 1947. 


J. T. Persons (M 745, F751); vice-president 
and chief engineer, Central Power and Light 
Company, Corpus Christi, Tex., has retired 
after 25 years of service with the company. 
Mr. Persons joined Central Power and Light 
in 1927 as chief engineer. He has served as 
vice-president for the utility for the past 12 

. years and a director for 11 years. Prior to 
joining Central Power and Light, he was an 
engineer with the General Electric Company, 
Schenectady, N. Y., and Texas Power and 
Light Company, Dallas. 


McNeely Du Bose (AM 14, F ’43, Member 
for Life), vice-president, Aluminum Com- 
pany of Canada, Ltd., Arvida, Quebec, 
Canada, has been named president of 
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Saguenay Power Company, Ltd., Montreal, 
Quebec, Canada. Mr. Du Bose has been 
active in the management of the company 
for nearly 30 years. He served as engineer 
on the Isthmian Canal Commission, Panama, 
and with the Riegos y Fuerza del Ebro, 
Spain, before going to Canada in 1926, when 
he joined the Aluminum Company of Can- 
ada, Ltd. Mr. Du Bose is responsible for 
the major share of the planning and execu- 
tion of the firm’s development in British 
Columbia. He has served as vice-president 
of Aluminum Power Company and as 
president and director of Saguenay Electric 
Corporation and Saguenay ‘Transmission 
Company, Ltd. He is a past president of 
the Canadian Electrical Association. 


W. W. Wendelken (AM °43, M ’45), chief 
electrical engineer of the headquarters works 
engineering department, Westinghouse Elec- 
tric Corporation, Pittsburgh, Pa., has been 
appointed director of works engineering for 
the Headquarters Manufacturing Division. 
Mr. Wendelken began his career in works 
engineering in Westinghouse in 1917 at the 
East Pittsburgh, Pa., works in the power 
plant department. Two years later he 
moved to the works engineering department 
as a draftsman and in 1924 was appointed 
supervisor of lighting. In 1928 he was 
named works electrical engineer for the plant. 
He was appointed electrical superintendent 
of the construction department in 1941. 


C. J. Beller (M’37, F’49), manager of 
electrical operations, The Cleveland (Ohio) 
Electric Illuminating Company, has been 
elected vice-president in charge of electrical 
operation and engineering. A 1924 graduate 
of Case Institute of Technology, Mr. Beller 
has been with the company for 28 years, ad- 
vancing progressively through various engi- 
neering capacities to the position of assistant 
to the operations vice-president before re- 
ceiving his managerial assignment 8 years 
ago. Mr. Beller has served on the AIEE 
Committees on Management (1948-53, 
Chairman 1951-53); Professional Division 
Advisory (1951-52); and Technical Opera- 
tions (1952-53). 


A. L. Carvill (AM ’49, M ’52), sales engineer, 
Meter and Instrument Department, General 
Electric Company, Lynn, Mass., has been 
named manager of electric utility field sales. 
Mr. Carvill was graduated from Massachu- 
setts Institute of Technology in 1923 with a 
bachelor of science degree in engineering 
administration. He joined General Electric 
in 1947. B. B. Gravitt (AM °36, M °49), 
has been appointed manager of meter and 
time switch sales. Mr. Gravitt came to 
Genera! Electric after he was graduated from 
California Institute of Technology in 1935. 
He was a sales engineer in the company’s 
Los Angeles and San Diego, Calif., offices 
before moving to Lynn in 1951 as manager of 
instrument transformer sales. J. A. Yunker 
(AM °49), assistant manager of meter and 
time switch sales, has been named manager of 
instrument transformer sales. Mr. Yunker 
joined General Electric in 1948, having re- 
ceived his degree in electrical engineering 
from the University of Louisville in 1947. 


Institute Activities 


T. D. Johnson (AM ’49), Reliance Electric 
and Engineering Company, Cleveland, Ohio, 
has been appointed to the sales application 
engineering staff of the company’s Atlanta, 
Ga., office. Mr. Johnson graduated from 
Clemson College in 1948 with a bachelor of 
science degree in electrical engineering and 
joined the Reliance organization in 1952. 
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Forrest Eugene Ricketts (AM ’16, F °50, 
Member for Life), retired, Consolidated 
Gas Electric Light and Power Company of 
Baltimore, Md., died July 3, 1953. Mr. 
Ricketts was born in Derwood, Md., Febru- 
ary 18, 1878, and attended Columbian 
(now George Washington) University and 
Bliss Electrical School. In June 1942, the 
University of Maryland conferred upon him 
the honorary degree of doctor of engineering. 
He joined the Newport News (Va.) and 
Old Point Railway and Electric Company in 
1902 as a lineman and wireman. Later he 
was with the Philadelphia Mining Company, 
Chloride, Ariz. He became an electrical 
repairman with the Los Angeles (Calif.) 
Pacific Railway and Electric Company be- 
fore accepting a position as working foreman 
with the Potomac Electric Power Company, 
Washington, D. C. In 1905, Mr. Ricketts 
joined the Consolidated Gas Electric Light 
and Power Company of Baltimore as an 
electrician. He became chief operator of 
electric stations and advanced to superin- 
tendent of that department. Later he was 
appoined director of intersystem power 
utilization bureau, and in 1938 he was 
elected a vice-president. He retired in 1946. 
Mr. Ricketts was awarded the Lamme Medal 
by the Institute in 1941 “‘for his contribution 
to the high reliability of power-supply 
systems, especially in the design of apparatus 
for selective relaying and circuit reclosure.” 
In 1940 the National Association of Manu- 
facturers made him the recipient of the 
Modern Pioneer Award for his 16 inventions 
that contributed to the advancement of 
electric control apparatus. Mr. Ricketts 
had served on the AIEE Committees on 
Protective Devices (1917-24) and Trans- 
mission and Distribution (1919-21). 


Henry Baldwin Dates (AM 798, M 713, 
F °32, Member for Life), retired, Grosse 
Pointe Woods, Mich., died May 17, 1953. 
Mr. Dates was born in New Britain, Conn., 
July 15, 1869, and graduated from Massa- 
chusetts Institute of Technology in 1894 with 
a bachelor of science degree in electrical 
engineering. After 2 years with Westing- 
house Electric and Manufacturing Company 
(now Westinghouse Electric Corporation) 
in Newark, N. J., and East Pittsburgh, Pa., 
he became professor of physics and electrical 
engineering, Clarkson School of Technology, 
Potsdam, N. Y. In 1903 he became pro- 
fessor of electrical engineering and dean of 
the College of Engineering, University of 
Colorado, Boulder. From 1905 until his 
retirement in 1939, Professor Dates was 
professor of electrical engineering and head 
of the electrical engineering department, 
Case School of Applied Science (now Case 
Institute of Technology), Cleveland, Ohio. 
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He was also active in consulting engineering 
work, being particularly interested in the 
field of illumination. Professor Dates was a 
past president of the Illuminating Engineer- 
ing Society and a member of the Illuminating 
Engineering Society of Great Britain, the 
Society for the Promotion of Engineering 
Education, and the United States National 
Committee of the International Commission 
of Illumination. He had served on the AIEE 
Committee on the Production and Applica- 
tion of Light (1935-41). 


Charles le Maistre (AM 12), general secre- 
tary, International Electrotechnical Com- 
mission, Geneva, Switzerland, died July 5, 
1953, at Bramley, Surrey, England. Mr. le 
Maistre was born in Jersey, Channel Is- 
Jands, in 1874. He was educated at Brighton 
College and received his technical training 
at the Central Technical College, South 
Kensington, London. He was appointed 
assistant secretary to the British Standards 
Institution in 1902, becoming secretary in 
1916, director in 1929, and chairman in 1939. 
He retired from the institution in 1941. 
Mr. le Maistre had lectured on standardiza- 
tion in many parts of the world. He was a 
Commander of the Order of the British 
Empire, member of the Institution of Elec- 
trical Engineers and associate member of the 
Institution of Civil Engineers, Great Britain, 
Knight Commander of the Royal Swedish 
Order of Vasa, and honorary member of the 
Royal Dutch Institution of Engineering. 


Paul Melville Farmer (M °19), member of 
the executive staff, American District 
Telegraph Company, New York, N. Y., died 
May 7, 1953. Mr. Farmer was born in 
Macoupin County, Ill., August 23, 1885, 
and graduated from the University of 
Illinois in 1909 with a bachelor of science 
degree in electriecal~engineering. Following 
his graduation he joined Red Oak (Iowa) 
Electric Company, being responsible for 
rebuilding and changing over power generat- 
ing plant and outside distributing system. 
He was with Westinghouse Electric Corpora- 
tion and Western Electric Company for a 
number of years and also was assistant to 
the vice-president of DeForest Company 
and chief engineer of the Klaxon Company. 
He joined American District Telegraph in 
1929 as assistant chief engineer, becoming 
chief engineer in 1935 and member of the 
executive staff in 1949, 


Russell Hellegers (M °41), chief electrical 
engineer, Syska and Hennessy, Consulting 
Engineers, New York, N. Y., died recently. 
Mr. Hellegers was born in Passaic, N. J., 
June 17, 1904, and attended Columbia 
University. Since 1929 he had been with 
Syska and Hennessy as chief electrical engi- 
neer. He had served as consulting electrical 
engineer on the following projects: La 
Guardia Field Airport, New Criminal 
Courts Building, Flower and Fifth Avenue 
Hospitals, New York, N. Y.; Triboro Hos- 
pital, Jamaica, N. Y., and North Carolina 
Shipbuilding Company, Wilmington. He 
was serving on the AIEE Committee on the 
Production-and Application of Light (1952— 
53) and was a member of the National Society 
of Professional Engineers. 
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Thomas Carter (F ’20), engineering depart- 
ment, A. Reyrolle and Company, Ltd., 

Hebburn-on-Tyne, England, died June 16, 
1953. Mr. Carter was born in Berwick-on- 
Tweed, England, January 21, 1877, and was 
educated at George Watson’s College and 
Heriot-Watts College, Edinburgh, Scotland, 
completing his student days in Germany. 
He began his career with J. H. Holmes and 
Company, Newcastle-on-Tyne, England, 
with whom he became chief engineer before 
leaving to join A. Reyrolle and Company, 
Ltd., with whom he continued to be active 
in a consultative capacity until his death. 
Mr. Carter was a member of the Institutions 
of Civil and Electrical Engineers of Great 
Britian and had served on various committees 
of the British Electrical and Allied Manu- 
facturers’ Association and the British Stand- 
ards Institution. 


Keene Richards (AM ’11, M ’24, Member 
for Life), general manager, Vassar College, 
and consulting engineer, Poughkeepsie, 
N. Y., died July 6, 1953. Mr. Richards 
was born in Chicago, IIll., December 24, 
1888, and attended the University of Illinois. 
From 1910 to 1917 he held engineering posi- 
tions with various public utility companies. 
In World War I he served in the Signal 
Corps, rising to the rank of lieutenant colonel. 
From 1920 until 1925 when he came to 
Vassar he acted as industrial engineer with 
the Grennan Cake Corporation, Detroit, 
Mich. During World War II he was head 
of the Dutchess County Civil Defense 
organization and was reappointed Civil 
Defense Director in 1950. Mr. Richards was 
a member of The American Society of 
Mechanical Engineers. 


Earl Bond Hansen (AM ’26, M 736), toll 
transmission engineer, Pacific Telephone 
and Telegraph Company, Seattle, Wash., 
died July 3, 1953. Mr. Hansen was born 
December 20, 1896, at San Bernardino, Calif. 
He graduated in electrical engineering from 
the University of California in_ 1920 and 
joined the engineering department of the 
telephone company in San Francisco, Calif. 
During World War I he served as a lieutenant 
in the artillery and saw service in France. 
He was transferred to Seattle in 1926 where 
he supervised engineering of cable and open- 
wire carrier systems of all types. Mr. 
Hansen had been chairman of the Seattle 
Section of the AIEE (1945-46) and had 
served on the Committee on Wire Communi- 
cations Systems. 
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Recommended for Transter 


The Board of Examiners at its meeting of July 16, 1953, 
recommended the following members for transfer to the 
grade of membership indicated. Any objection to these 
transfers should be filed at once with the Secretary of the 
Institute. A statement of valid reasons for such objec- 
tions, signed by a member, must be furnished and will be 
treated as confidential. 


To Grade of Member 


Brewer, E. W., electrical engineer, General Electric Co., 
Pittsburgh, Pa. 


Institute Activities 


Brown, T. W., development eninge Lombard Goyer 
nor Corp., Ashland, Mass 

Cloninger, F. M., senior corrosion engineer, The Texaq 
Pipe nae Co., Tulee, Okla. & 

Doehne, R., electrical plant en ea Public Servicx 
Electric & Gas Co., Newark, 

DiVencenzo, A. P., electrical engineer Reliance Electetfi 
& Engineering Co., Cleveland, Ohio | 

Evans, T. O., superintending engineer, substation secx 
tions, Quebec Hydro-Electric Commission, 
treal, Quebec, Canada 

Farber, W. R., supervisory engineer, Westinghouse Ele 
tric Corp. ., Sharon, Pa. 

Fritz, E., Jr., transmission line design engineer, Pennsy: I 
vania Water & Power Co., Baltimore, Md. { 

Gaubeca, J. B., electrical service papery Westing? 
house Electric Corp., New York, 

Goodrich, T. M., general manager & chief engineer 
Pasadena Municipal Light & Power Dept., Pad a 
dena, Calif. | 

Grannis, C. O., chief electrical engineer, Rader Engi! 
neering Co., Miami, Fla, 

Grubb, R. K., assistant operating manager, Delaware 
Power & Light Co., Wilmington, Del. 

Guthrie, G. R., engineer, Indianapolis Power & Lie 
Co. , Indianapolis, Ind. 

Hall, ge (eh ., Senior starting engineer, Commonwealth 
Edison Co. » Chicago, Til. 

Hinshaw, E. G. costs engineer, Indiana Bell Telephone 
Co. , Indianapolis, In 

Howard, G. A., senior engineer, Consumers Power Co. fi 
Jackson, Mich. 

Kadetsky, J. M., electrical equipment superintendent: 
Pennsylvania Electric Co., Johnstown, Pa 

Kliebenstein, W. M., estimator, General Electric Co. 
Richland, Wash. 

Lennig, M. , application engineer, General Electric Co., “f 
New York, N. Y. 

Lewis, F. W., engineering manager, General Electric 
Co., Philadelphia, Pa. | 

Mathews, C. A., engineer, General Electric Co., Phila 
delphia, Pa. 

Middleton, W. B., senior engineer, Michigan Bell Tele= 
phone Co., Detroit, Mich. [ 

Moore, R. E., line supervisor, Kansas Gas & Elect 
Co., Independence, Kans. 

Neslin, M. A., industrial engineer, General Electric Co. 
Schenectady, NAY 

Oberhelman, L. E., head engineer, Standard Oil Cos 
(Indiana), Sugar Creek, Mo. 

Owens, J. B., supervising engineer, Westinghouse Elec= 
tric Corp., East Pittsburgh, Pa. 

Pate, W. M., electrical engineer, Alabama Power Co... 
Birmingham, Ala, 
Peters, R. R., engineer, Philadelphia Electric Co... 

Philadelphia, Pa. 

Quimby, R. B., electrical engineer, General Electric 
Co. , Schenectady, N. Y. 

Richards, E. E., engineer, ‘transportation dept., Ohi 
Brass Co., Mansfield, Ohio 

Scharff, S. A; systems engineer, 366 Madison Ave., 
New York 17, N, Y. 

Sexton, R. M., oe Westinghouse Electric Corp., 
East Pittsburgh, P.: 

Sicha AS des cecal ‘research engineer, A. O. Smithi 

aS Milwaukee, Wis. 

Smith, D., electrical design engineer, Portland: 
General Electric Co., Portland, Oreg. 

Smull, M. P., principal engineer, Southern Services, 
Inc., Birmingham, Ala. 

Swenson, C. R., engineer, Indiana Bell Telephone Co., 
Indianapolis, Ind. 

Toman, W. J. V., development engineer, Goodyear Air- 
craft Corp., ‘Akron, hio 

Treisy Je Ps relay engineer, Knoxville Utilities Board, 
Knoxville, Tenn. 

Vitale, S. A., engineer, long lines dept., American Tel. 
& Tel Co. » New York, N. Y. 

Waidhas, G. , senior design engineer, A. O. Smith Corp., 
Milwaukee, Wis. 

Welz, A. E., electrical engineer, Clark Controller Co. ” 
Cleveland, Ohio 


41 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grades of Fellow and Member, have 
been received from the following candidates, and any 
member objecting to election should supply a signed 
statement to the Secretary before September 25, 1953, 
or November 25, 1953, if the applicant resides outside of 
the United States, Canada, or Mexico, 


To Grade of Member 


Asie ge National Bureau of Standards, Washington, 


Begent, H. H., Messrs. Doulton & Co., Ltd., London, 
England 
Harden, J. G., 

apolis, Ind. 
Strobel, L. A., The Detroit Edison Go., Detroit, Mich. 
Weidner, C. Ke American University of Beirut, Leba- 
nese Republic 


Indiana Bell Telephone Co., Indian- 


5 to grade of Member 


ELECTRICAL ENGINEERING 


» SERN wr 


F. R. BENEDICT, Pittsburgh, Pa. 
R. F. DANNER, Oklahoma City, Okla. 
D. D. Ewrne, Lafayette, Ind. 


L. F. HICKERNELL, Hastings-on-Hudson, N. Y. 
VICTOR SIEGFRIED, Worcester, Mass. 
(Terms expire July 31, 1954) 


PRESIDENT 


ELGIN B. ROBERTSON 
Dallas, Texas 
(Term expires July 31, 1954) 


PAST PRESIDENTS 


F. O. McMILran, Corvallis, Oreg. 
4 (Term expires July 31, 1954) 
ie VICE-PRESIDENTS 
. 1) 
2 District ; District 
fe 1 W. Scott HILL, Pittsfield, Mass. 2 
a4 3 M.D. Hooven, Newark, N. J. 4 
k 5 W.L. CAssELi, Ames, Iowa 6 
a 7 C.M. LytLe#, Kansas City, Mo. 8 
i 9 T. INGLEDOW, Vancouver, B.C. 10 
‘5 (Terms expire July 31, 1954) 


DIRECTORS 


(Terms expire July 31, 1955) 


TREASURER 


WALTER J. BARRETT, Newark, N. J. 
(Term expires July 31, 1954) 


4 IEE Officers and Committees for 1953-1954 


Donatp A. Quart es, Albuquerque, N. M. 
(Term expires July 31, 1955) 


W. B. Morton, Allentown, Pa. 
C. P. ALMon, Jr., Chattanooga, Tenn. 
A. S. ANDERSON, Denver, Colo. 
G. C. TENNEY, San Francisco, Calif. 
G. D. Fioyp, Toronto, Ont. 
(Terms expire July 31, 1956 


A. C. Muir, Philadelphia, Pa. 
N. C. Pearcy, Chicago, II. 
C. S. PURNELL, New York, N. Y. 
(Terms expire July 31, 1956) 
D. I. Cong, San Francisco, Calif. 
T. M. LINVILLE, New York, N. Y. 
E. W. SEEGER, Milwaukee, Wis. 
(Terms expire July 31, 1957) 


SECRETARY 


ASSISTANT SECRETARY 
N. S. HrssumMan, New York, N. Y. 


H. H. HENLINE, New York, N. Y. 


Austratia—V. J. F. Brain, Electricity 
Authority of N.S.W., Box 2600 G.P.O., 
Sydney, New South Wales 

BraziL—W. L. Simpson, Sao Paulo Tram- 
way Light and Power Company, Caixa 
Postal 8026, Sao Paulo 

ENGLAND—Sir A. P. M. Fleming, Metro- 
politan Vickers Electric Company, Trafford 
Park, Manchester 17 


LOCAL HONORARY SECRETARIES 


InpiA, NORTHERN—S. S. Kumar, P.W.D. 
Electricity Secretariat, Ellerslie, Simla-E, 
East Punjab 


Inp1IA, SOUTHERN—M. S. Thacker, Indian 
Institute of Science, Bangalore 3 


IRELAND—Gerard M. Mulhern, Transmis- 
sion Dept., Electricity Supply Board, 27 
Lower Fitzwilliam Street, Dublin 


Japan—Stetfan Tanabe, 96 San-Chome, 
Denen-Chofu, Ohta-Ku, Tokyo 

New ZEALAND—R. D. Neale, School of Engi- 
neering, Canterbury University College, 
Christchurch C.1 

PaKIstAN—Mohamed Hussain Khalid, 
Electricity Department, Mardan 
SwEDEN—Edy Velander, Box 5073, Stock- 
holm 5 
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General Committees 


Executive 


Elgin B. Robertson, Chairman: Elgin B. Robertson, Inc., 
Dallas 3, Tex. 


W. J. Barrett Newark, N. J. 
M. D. Hooven Newark, N. J. 
F. O. McMillan Corvallis, Oreg. 
C. S. Purnell New York, N. Y. 
D. A. Quarles Albuquerque, N. Mex. 
E. W. Seeger Milwaukee, Wis. 


Board of Examiners 


C. W. Franklin, Chairman; Consolidated Edison Com- 
pany of New York, Inc., 4 Irving Place, New York 3, 
N. Y. 


L. F. Hickernell, Vice-Chairman 
Hastings-on-Hudson, N. Y. 


AIEE Headquarters 
Newark, N. J. 
Philadelphia, Pa. 
Bayonne, N. J. 


John J. Anderson, Secretary 
P. H. Adams 

A. E. Anderson 

R. W. Atkinson 
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R. H. Barclay New York, N. Y. 
P. H. Chase Philadelphia, Pa. 
I. S. Coggeshall New York, N. Y. 
A. G. Conrad New Haven, Conn. 
A. S. Dana Seymour, Conn. 
E. W. Davis Cambridge, Mass. 
E. D. Doyle Philadelphia, Pa. 
W. N. Goodwin, Jr. New Hope, Pa. 
S. B. Griscom East Pittsburgh, Pa. 
P. H. Hatch Erie, Pa. 
R. A. Heising New York, N. Y. 
N. S. Hibshman New York, N. Y. 
J. W. Horton New London, Conn, 
Cc. T. Hughes Waterbury, Conn. 
A. E. Knowlton New York, N. Y. 
G. H. Landis Poughkeepsie, N. Y. 


New York, N. Y. 


Henry Logan 
New York, N. Y. 


J. B. MacLean 


E, GC. Molina East Orange, N. J. 
H. P. St. Clair New York, N. Y. 
F. J. Scudder Manhasset, N. Y. 
H. P. Sparkes New York, N. Y. 


Jersey City, N. J. 
New York, N. Y. 
Schenectady, N. Y. 
Dobbs Ferry, N. Y. 
Baltimore, Md. 


H. W. Tenney 
Gordon Thompson 
Robert Treat 

H. M. Trueblood 
B. Van Ness, Jr. 


Officers and Committees —1953-54 


R. G. Warner New Haven, Conn. 
S. S. Watkins New York, N. Y. 
H. A. Wheeler Great Neck, N. Y. 
E. P. Yerkes Philadelphia, Pa. 


Charles LeGeyt Fortescue Fellow- 
ship 


F, H. Pumphrey 
J. D. Ryder 


Gainesville, Fla. 

Urbana, Il. 

(Terms expire July 31, 1954) 
New York, N. Y. 

State College, Pa. 

(Terms expire July 31, 1955) 
Chicago, Ill. 

East Pittsburgh, Pa. 

(Terms expire July 31, 1956) 


D. S. Bridgman 
Walker, Chairman 


E. A. 
E. T. B. 
G. E. Moore 


Code of Principles of Professional 
Conduct 


W. B. Kouwenhoven, Chairman; 
University, Baltimore 18, Md. 
P. L, Alger 


The Johns Hopkins 


Schenectady, N. Y. 
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R, E, Argersinger 
W. C. DuVall 

A. H. Kidder 
Walter J. Seeley 
R. W. Sorensen 


S. Reid Warren, Jr. 
JS 


. Waters 


Boston, Mass. 
Boulder, Colo. 
Philadelphia, Pa. 
Durham, N. C. 
Pasadena, Calif. 
Philadelphia, Pa. 
Houston, Tex. 


Constitution and Bylaws 


D. D. Ewing, Chairman; Purdue University, Lafayette, 


Ind. 
F. S. Black 
Harold J. Karr 
W. W. Lewis 
W. S. Peterson 


Edison Medal 


New York, N. Y. 
Springfield, Ohio 
Schenectady, N. Y. 
Los Angeles, Calif. 


Appointed by the President for term of five years 


J. L. Callahan 
J. M. Flanigen 
R. I. Wilkinson 


J. F. Calvert 
B. A. Case 
John Grotzinger 


A. H. Frampton 
J. R. North 
B. R. Teare, Jr. 


O. B. Blackwell 


J. F. Fairman, Chairman 


K. B. McEachron 


S. S. Attwood 
Charles F. Wagner 
P. G. Wallace 


New York, N. Y. 

Atlanta, Ga. 

New York, N. Y. 

(Terms expire July 31, 1954) 
Evanston, Ill. 

New York, N. Y. 

Akron, Ohio 

(Terms expire July 31, 1955) 
Toronto, Ontario, Canada 
Jackson, Mich. 

Pittsburgh, Pa. 

(Terms expire July 31, 1956) 
Plandome, N. Y. 

New York, N. Y. 
Pittsfield, Mass. 

(Terms expire July 31, 1957) 
Ann Arbor, Mich. 

East Pittsburgh, Pa. 
Dallas, Tex. 

(Terms expire July 31, 1958) 


Members of the Board of Directors elected by the Board for 


term of two years 


F. O. McMillan 
C. S. Purnell 


Elgin B. Robertson 


F. R. Benedict 
D. D. Ewing 
D. A. Quarles 


Education 


J. D. Ryder, Chairman; 


Corvallis, Oreg. 

New York, N. Y. 

Dallas, Tex. 

(Terms expire July 31, 1954) 
Pittsburgh, Pa. 

Lafayette, Ind. 
Albuquerque, N. Mex. 
(Terms expire July 31, 1955) 


University of Illinois, Elec. 


Engg. Dept., Urbana, Ill. 


Guy Kleis, Vice-Chairman 
I. B. Baccus, Secretary 


; G, Brennecke 


. Eastom 
. Farrar 
. Fi 

.F rade 
amburger, Jr. 


meme, 
a 
y 


528! 
. Hellwarth 


nes 


indvall 


. McFarland 
. Morris 
. Peterson 
. Smith 
. Strong 
. Teare, Jr. 
. Tracy 
. Walker 


PROP EMM HAH IAD mI > som ZOmOO 
Pm eae > SOsO0NA 


ve} 


Finance 


. Koopman 


ed Warren, Jr. 


East Pittsburgh, Pa. 
East Lansing, Mich. 
Columbus, Ohio 
Cambridge, Mass. 
Raleigh, N. C. 
New York, N. Y. 
Flint, Mich. 
Lubbock, Tex. 
Ames, Iowa 
Boulder, Colo. 
Norman, Okla. 
New York, N. Y. 
Camden, N. J. 
Baltimore, Md. 
Minneapolis, Minn, 
Detroit, Mich. 

St. Louis, Mo. 
Pasadena, Calif, 
Springfield, Ohio 
Schenectady, N. Y. 
Berkeley, Calif. 

Los Angeles, Calif. 
Madison, Wis. 
Gainesville, Fla. 
Ithaca, N. Y. 
Pittsburgh, Pa. 
Toronto, Ontario, Canada 
State College, Pa. 
Philadelphia, Pa. 


C. S. Purnell, Chairman; Westinghouse Electric Corpora- 
tion, 40 Wall Street, New York 5, N. Y. 


F. R. Benedict 
M. D. Hooven 


Headquarters 


J. P. Neubauer, Chairman; 


Pittsburgh, Pa. 
Newark, N. J. 


Consolidated Edison Com- 


pany of New York, Inc., 4 Irving Place, New York 3, 


N. Y. 
J. A. Parrott 
C. S. Purnell 
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New York, N. Y. 
New York, N. Y. 


Lamme Medal 


A. M. MacCutcheon 
B. L. Robertson 
Elgin B. Robertson 


S. B. Crary 
A. C. Monteith, Chairman 
J. S. Moulton 


O. S. Hockaday 


J. J. Pilliod 
E. W. Seeger 


Managment 


Orlando, Fla. 

Berkeley, Calif. 

Dallas, Tex. 

(Terms expire July 31, 1954) 
Schenectady, N. Y. 
Pittsburgh, Pa. 

San Francisco, Calif. 
(Terms expire July 31, 1955) 
Fort Worth, Tex. 
Scarsdale, N. Y. 
Milwaukee, Wis. 

(Terms expire July 31, 1956) 


F. K. McCune, Chairman; General Electric Company, 1 
River Road, Schenectady 5, N. Y. 


W. Clark 


noc 
an Pratt 
. H. Race 
. W. Spaulding 
. W. Sproul, Jr. 
ele Wild 


Snub eSenere 


tI 


Columbus, Ohio 
Cleveland, Ohio 
Detroit, Mich, 
Detroit, Mich. 
Philadelphia, Pa. 
New York, N. Y. 
Amarillo, Tex. 
Schenectady, N. Y. 
Canton, Ohio 
Baltimore, Md. 
Pittsburgh, Pa. 
Charlotte, N. C. 
Dallas, Tex. 
Schenectady, N. Y. 
Baltimore, Md. 
Pittsburgh, Pa. 
Chicago, II. 


Members-for-Life Fund 


C. A. Powel, Chairman; 93 Beacon Street, Boston 8, Mass. 


C. L. Dawes 
D. D. Ewing 
N. E. Funk 

J. J. Pilliod 

R. W. Sorensen 
F. C. Weiss 


Membership 


Charles Clos, Chairman; 


Cambridge, Mass. 
Lafayette, Ind. 
Philadelphia, Pa. 
Scarsdale, N. Y. 
Pasadena, Calif. 
Birmingham, Ala. 


Bell Telephone Laboratories, 


Inc., 463 West Street, New York 14, N. Y. 


W. E. Scholz, Vice-Chairman 


F. A. Norris, Secretary 
W. A. Dynes 

H. R. Heckendorn 
W. Scott Hill 

H. B. Hodgins 

M. A. Jones 

E. W. Morris 
Russell Ranson 

R. W. Shaw 

M. C. Thurling 
V. B. Wilfley 


District Vice-Chairmen 
E. F. Hansen 


E. 

Cc. M. Summers 
O. P. Settles 

T. M. Keiller 
W. F. Poynter 
C. R. Kingsbury 
Cc. R. Vrooman 
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Philadelphia, Pa. 
AIEE Headquarters 
Dayton, Ohio 
Chicago, IIl. 
Schenectady, N. Y. 
Salt Lake City, Utah 
Newark, N. J. 

Los Angeles, Calif. 
Charlotte, N. C. 
Omaha, Nebr. 
Toronto, Ontario, Canada 
St. Louis, Mo. 


Lynn, Mass. 

Washington, D. C. 

New York, N. Y. 
Birmingham, Ala. 

Fort Wayne, Ind. 

Denver, Colo. 

Houston, Tex. 

San Francisco, Calif. 
Seattle, Wash. 

Hamilton, Ontario, Canada 


Planning and Co-ordination 


F. O. McMillan, Chairman; Oregon State College, 


Corvallis, Oreg. 
N. S. Hibshman, Secretary 
W. J. Barrett 
. R. Brownlee 


_ 


oreen 


Baa e Se Na 


AIEE Headquarters 
Newark, N. J. 
Birmingham, Ala. 

San Francisco, Calif. 
Toronto, Ontario, Canada 
Murray Hill, N. J. 

New York, N. Y. 
Hastings-on-Hudson, N. Y. 
Newark, N. J. 

New York, N. Y. 

Chicago, Ill. 

Schenectady, N. Y. 
Pittsfield, Mass. 
Pittsburgh, Pa. 

New York, N. Y. 


Officers and Committees—1953-54 


Prizes, Award of Institute 


E. I. Green, Chairman; Bell Telephone Laborato 
Inc., Murray Hill, N. J. 


L. G. Abraham 
L. W. Birch 
H. Cline 
. S. Coggeshall 
. E. Fritz, 
pes Harris 
. Hatcher 


. Maslin 
. Miller 
. Royden 
. Scott, Jr. 
| ‘Wagner 


apes 8 
ee 


ve) 


Publication 


ee Ire 


eid Warren, Jr. 


Albuquerque, N. 
Mansfield, 


Schenectady, N. ¥! 
Columbus, Ohi 
Chicago, Ill 
Cleveland, Ohi 
Whippany, N. i 
Sharon, Pai 
Newark, N. JJ 
New York, N. Y! 
Lancaster, Pa. 
East Pittsburgh, Pa. 
Philadelphia, Pai 


1 


M. D. Hooven, Chairman; Public Service Electric & Gas: 
Company, 80 Park Place, Newark 1, N. J. 


F. R. Benedict, Vice-Chairman 
C. S. Rich, Secretary 


. W. Boehne 


Tet: 


Sil 

nl it 

. W. Codding 
. F. Hickernell 
. F. Kent 

. M. Linville 
ald 

. R. Mezger 
Ns 
Ry 
PAg 


Muller, Jr. 
North 


Snanaar use! 


i 


ie} 


tor Siegfried 
. Tebo 


ey Sie aie 


ano 
% 
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Public Relations 


McEachron 


O’Halloran 


Pittsburgh, Pas 
New York, N. Y_ 
Cambridge, Mass 
New York, N. Yl 
Birmingham, Alas 
Newark, N. J 


Hastings-on-Hudson, N. YJ 


New York, N. Y_ 
New York, N. Y/ 
Pittsfield, Mass. 
Clifton, N. JJ 

East Pittsburgh, Pa. 
Jackson, Mich. 
Washington, D. Ci. 
Worcester, Mass.s 
New York, N. YJ 
Chicago, Tl 
Oklahoma City, Okla. 


R. T. Ferris, Chairman; Philadelphia Electric Company, 
900 Sansom Street, Philadelphia 5, Pa. 


M. C. Albrittain 
V. B. Baker 

G. W. Bower 

L. F. Hickernell 
. K. Honaman 
. D. Hooven 

_T. Kimball 

. R. King 

. E. Knowlton 
. M. Linville 
. J. Lowell 

. T. Minasian 
. L. Oetting 
. J. Roberts 
bleh 
La 


Stoughton 
1s) Thompson 
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Stephenson 


Baltimore, Md.) 
Pittsburgh, Pa.. 
Newark, N. JJ 
Hastings-on-Hudson, N. Y.) 
New York, N. Yu. 
Newark, N. J.’ 
Phoenix, Ariz.; 

New York, N. Y. 

New York, N. Y. 
New York, N. Y. 
New York, N. Y. 
New York, N. Y. 
Cleveland, Ohio: 
Amarillo, Tex. 
Oklahoma City, Okla.. 
Philadelphia, Pa. 
San Francisco, Calif. 


Registration of Engineers 


Russell G. Warner, 


Chairman; United Illuminating: 


Company, 80 Temple Street, New Haven, Conn. 


H. A. Carlberg 
R. F. Danner 
J. H. Foote 

N. L. Freeman 


LeRoy A. Griffith 


Ward Harrison 


Robert J. Rhinehart 


L. M. Robertson 
Cc. G. Roush 

E. W. Seeger 

R. V. Shepherd 
R. W. Sorensen 
E. R. Whitehead 


Research 


J. A. Hutcheson, 


Richland, Wash. 
Oklahoma City, Okla. 
Jackson, Mich. 
Albany, N. Y. 
Minneapolis, Minn. 
Cleveland, Ohio 
Pine Bluff, Ark. 
Denver, Colo. 
Kansas City, Mo. 
Milwaukee, Wis. 
Schenectady, N. Y. 
Pasadena, Calif. 
Chicago, Ill. 


Chairman; Westinghouse Electric 


Corporation, East Pittsburgh, Pa. 


B. G. Ballard 

F. R. Benedict 
P. L. Betz 

E. W. Boehne 
Cledo Brunetti 
C. R. Burrows 
D. E. Chambers 
W. C. DuVall 


Ottawa, Ontario, Canada 
Pittsburgh, Pa. 
Baltimore, Md. 

Cambridge, Mass. 
Minneapolis, Minn, 
Ithaca, N. Y. 
Schenectady, N. Y. 
Boulder, Colo. 


ELECTRICAL ENGINEERING 


H. E. Edgerton 
J. Killian 
Hj 


R. M. Pfalzgraff 
W. H. Pickering 
. Ramadanoff 


arles E. Ganther, 
land 1, Ohio 


. H. Watson, Secretary 
. M. Bartholomee 
- Robin Beach 
Hendley Blackmon 
aM. M. Brandon 
W. B. Buchanan 
T. H. Cline 
af. A. Coutts 
4 Cutts, Jr. 
C. F. Dalziel 
. P. Dobson 
. Elg 
_ Gienger 
. Goss 
. W. Howard 
. S, Inskip 
. King 
. Kouwenhoven 
. O. Leslie 
. L. Lloyd 
. M. Lytle 
. M. C. Martin 
. Randall 
. Rogers 
Smith 
. Sogge 
uf ve Weeks 
H. B. Williams 
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Division Liaison Representatives 


Communication: 

H. I. Romnes 
General Applications: 

S. D. Summers 
Industry: 

G. W. Heumann 
Power: 

J. J. Shoemaker 
Science & Electronics: 

J. T. Lusignan 


Medical Consultants 


: Chairman; 
Illuminating Company, 75 Public Square, Cleve- 


H. B. Whitaker, Vice-Chairman 


Cambridge, Mass. 
Durham, N. C. 
West Lynn, Mass. 
Chicago, Ill. 
Corning, N. Y. 
Philadelphia, Pa. 
Philadelphia, Pa. 
Pasadena, Calif. 
Cleveland, Ohio 


‘ 


Cleveland Electric 


Chicago, Ill. 
Bridgeport, Conn. 
Baltimore, Md. 
Brooklyn, N. Y. 

East Pittsburgh, Pa. 
New York, N. Y. 
Toronto, Ontario, Canada 
Newark, Ohio 
Minneapolis, Minn. 
Schenectady, N. Y. 
Berkeley, Calif. 
Toronto, Ontario, Canada 
New York, N. Y. 
Rochester, N. Y. 

Los Angeles, Calif. 
Fort Wayne, Ind. 
Murray Hill, N. J. 
Oklahoma City, Okla. 
Baltimore, Md. 
Reading, Pa. 
Washington, D. C. 
Kansas City, Mo. 
Portland, Oreg. 
Wilmington, Del. 
New York, N. Y. 
Chicago, Ill. 
Schenectady, N. Y. 
Columbia, S. C. 

New York, N. Y. 


New York, N. Y. 
Washington, D. C. 
Schenectady, N. Y. 

Detroit, Mich. 


Mansfield, Ohio 


Dr. Anna M. Baetjer, Johns Hopkins School of Hygiene 
& Public Health, 615 North Wolfe Street, Balti- 


more 5, Md. 


Dr. Cecil K. Drinker, P. O. Box 502, Falmouth, Mass. 


Dr. Archer Gordon, University of Illinois, 


Center, Chicago, III. 


Medical 


Dr. B. L. Vosburgh, General Electric Company, 1 River 
Road, Schenectady 5, N. Y. 


Sections 


W. R. Hough, Chairman; Reliance Electric & Engineer- 
ing Company, 1088 Ivanhoe Road, Cleveland 10, 


Ohio 


Dixon Lewis, Vice-Chairman (East) 


Washington, D. C. 


Bradley Cozzens, Vice-Chairman (West) 


J. L. Fuller, Secretary 

T. CG. D, Churchill 

Walter Criley 

R. B. Crow 

M. M. de Lascurain 

R. C. Horn 
Ingersoll 


Kistler 
Neubauer 
H. Pumphrey 
C. S. Purnell 
Russell H. Rankin 
L. M. Robertson 
John Romano 
S. M. Sharp 
H. H. Sheppard 
E. T. Sherwood 
E, C. Starr 
J. C. Strasbourger 


Wil. 
A.A, 
A. H. Keith 
R, E. 
FP. 
F. 


Standards 


M. M. Brandon, Chairman; 


Los Angeles, Calif. 
Cleveland, Ohio 
Toronto, Ontario, Canada 
Nashville, Tenn. 
Oak Ridge, Tenn. 
Mexico, D.F., Mexico 
St. Louis, Mo. 

New York, N. Y. 
East Pittsburgh, Pa. 
San Diego, Calif. 
Seattle, Wash. 

New York, N. Y. 
Gainesville, Fla. 
New York, N. Y. 
Rochester, N. Y. 
Denver, Colo. 
Chicago, Ill. 
Shreveport, La. 
Philadelphia, Pa. 
Milwaukee, Wis. 
Corvallis, Oreg. 
Cleveland, Ohio 


Underwriters Laboratories 


Inc., 161 Sixth Avenue, New York 13, N. Y. 
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A. C. Muir, Vice-Chairman 
John J. Anderson, Secretary 
Joseph Wm. Allen 

R. W. Atkinson 

Sterling Beckwith 

P. L. Bellaschi 


R. S. Burnap 
H. GC. Coleman 

. L. Dawes 
aginaet D. de Kay 
. Dobson 
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. E. Keni 
58h Koenig 
. A. Lew: 
Sash 
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ines 
Middleton 
North 
O’Brien 

. B. Paxton 

. W. Sherwood 

. B. Silsbee 


newer eg chets 


Student Branches 


R. F. Danner, Chairman; 


Philadelphia, Pa. 
AIEE Headquarters 
Teterboro, N. J. 
Bayonne, N. J. 
Milwaukee, Wis. 
Portland, Oreg. 
Pittsburgh, Pa. 
Birmingham, Ala. 
Harrison, N. J. 
East Pittsburgh, Pa. 
Cambridge, Mass. 
New York, N. Y. 
Toronto, Ontario, Canada 
New York, N. Y. 
Cleveland, Ohio 
New York, N. Y. 
New York, N. Y. 
New York, N. Y. 
Chicago, Ill, 
Schenectady, N. Y. 
Cambridge, Mass. 
Jackson, Mich. 
Washington, D. C. 
Schenectady, N. Y. 
Beaumont, Tex. 
Washington, D. C. 


Oklahoma Gas & Electric 


Company, Oklahoma City, Okla. 


J. L. Callahan 
Walter Criley 

R. A. Deller 

D. D. Ewing 

K. A. Fegley 
Wendell C. Fowler 
L. L. Grandi 

W. F. Gray 

E. T. B. Gross 

W. Scott Hill 

C. F. Miller 

H. N. Muller, Jr. 
rlie E. Paige 

. E. Reid 

. W. Rittenhouse 


>t 


. Spring 
. Stevenson, Jr, 


SprN ae Ce 


New York, N. Y. 
Nashville, Tenn. 
New York, N. Y. 
Lafayette, Ind. 
Philadelphia, Pa. 
Fort Worth, Tex. 
Los Angeles, Calif. 
University, Ala. 
Chicago, Ill. 
Pittsfield, Mass. 
Baltimore, Md. 
East Pittsburgh, Pa. 
Denver, Colo. 
Toronto, Ontario, Canada 
Rolla, Mo. 
Urbana, Ill. 
Detroit, Mich, 
Raleigh, N. C. 
Corvallis, Oreg. 
New York, N. Y. 
New York, N. Y. 
Washington, D. C. 
Norman, Okla. 


Technical Operations 


L. F. Hickernell, Chairman; 


Anaconda Wire & Cable 


Company, Hastings-on-Hudson 6, N. Y, 


J. D. Tebo, Vice-Chairman 
N. S. Hibshman, Secretary 
H. A. Affel 

L. W. Birch 

Hendley Blackmon 

M. M. Brandon 

W. R. Brownlee 

. R. Clark 
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teinberg 


Transfers 


New York, N. Y. 
AIEE Headquarters 
Murray Hill, N. J. 
Mansfield, Ohio 
East Pittsburgh, Pa. 
New York, N. Y. 
Birmingham, Ala. 
Philadelphia, Pa. 
Cleveland, Ohio 
Murray Hill, N. J. 
Newark, N. J. 

East Pittsburgh, Pa. 
Milwaukee, Wis. 
Schenectady, N. Y. 
Pittsfield, Mass. 
Urbana, IIl. 
Milwaukee, Wis. 
New York, N. Y. 
New York, N. Y. 


E. P. Yerkes, Chairman; Bell Telephone Company of 
Pennsylvania, 1401 Avch Street, Philadelphia 2, Pa. 


Charles Clos, 
Rae Longwell, Secretary 
R. H. Baxter 
C. T. Brasfield, Jr. 
C. B. Carpenter 
Concordia 

Eastom 

Frampton 
Himebrook 
Hopkins 

Seeger 

Stone 
Weaver 


Cc. 
F. 

A. 
F. 

R. 
E. 
E. 
A, 
H. B. Wood 


A. 
H. 
8. 
A. 
W. 
W. 
B. 
B. 


Vice-Chairman 


New York, N. Y. 
Baltimore, Md. 

St. Louis, Mo. 
Birmingham, Ala. 
Portland, Oreg. 
Schenectady, N. Y. 
Boulder, Colo. 
Toronto, Ontario, Canada 
Dayton, Ohio 

Los Angeles, Calif. 
Milwaukee, Wis. 
DeKalb, Ill. 

San Benito, Tex. 
Boston, Mass. 


Officers and Committees—1953-54 


Volta Scholarship Trustees 


H. S. Osborne, Chairman 
D. D. Ewing ~ 


Cc. A. Powel 


Upper Montclair, N. J. 
(Term expires July 31, 1955) 
Lafayette, Ind. 

(Term expires July 31, 1957) 
Boston, Mass. 

(Term expires July 31, 1959) 


Technical Committees 


Communication Division 


Communication Division Committee 


H. A. Affel, Chairman; 


we 


john Meszar, Secretary 
. G, Abraham 

. B. Bramhall 

. C. Chamberlin, Jr. 
. I, Cone 


. E, Dean 
. C. Dickieson 
. G, Edwards 
. E. Frost 
i, 
2, 


dt 


omnes 
Watson 


BmPewyPo CAS 


Committee on 


Switching Systems 


Bell Telephone Laboratories, 
Inc., Murray Hill, N. J. 
ay Coggeshall, Vice-Chairman 


New York, N. Y. 

New York, N. Y. 
Albuquerque, N. Mex. 
New York, N. Y. 

New York, N. Y. 

San Francisco, Calif. 


‘(representing Board of Directors) 


Little Neck, L. I., N. Y- 
Murray Hill, N. J. 
Murray Hill, N. J. 

New York, N. Y. 
New York, N. Y. 
New York, N. Y. 


Communication 


A. E. Frost, Chairman; Western Union Telegraph Co., 
60 Hudson Street, New York 13, N. Y. 


William Keister, Vice-Chairman 


Eric Brooke, Secretary 


hn Meszar 
. C. Minx 

. S. Neikirk 

. H. Phillips 

. B. Smith 

L. Solomon 
C. M. Tomlinson 
K. E. White 


pee ash: 22, 


(No Subcommittees) 


New York, N. Y. 
Galion, Ohio 
Oklahoma City, Okla. 
New York, N. Y. 
Chicago, Tl. 

New Haven, Conn. 
Montreal, Quebec, Canada 
New York, N. Y. 
Washington, D. C. 
New York, N. Y. 
St. Louis, Mo. 
Washington, D. C. 
Nashville, Tenn. 
Chicago, Il. 
Alexandria, Va. 
Philadelphia, Pa. 
Endicott, N. Y. 


Committee on Radio Communica- 


tions Systems 


A. CG. Dickieson, Chairman; 


Bell Telephone Labora- 


tories, Inc., Murray Hill, N. J. 


E. D. Becken, Vice-Chairman 
R. D. Campbell, Secretary 
J. W. Butterworth 
I. F. Byrnes 

R. S. Caruthers 
B. A. Currie 

R. S. Dahlberg, Jr. 
G. E. Dodrill 

W. R. Donsbach 
G. P. Fallon 

L. L. Gaddis 

B. M. Gallaher 
H. R. Heckendorn 
C. T. Koerner 

Cc. R. Kraus 

H. C. Likel 

A. A. MacDonald 
D. J. McDonald 
Roger McSweeny 
W. Meyer 
D. Nuttall 
R. O’Hanlon 
E. Reid 
ubert Sharp 
J. M. Street, Jr. 
H. M. Swarm 
David Talley 


B. 
E. 
J. 
J. 
H 


J. M. Walsh 
J. O. Wood 
W. J. Wortman 
D. L. 


(No Subcommittees ) 


New York, N. Y. 
New York, N. Y. 
New York, N. Y. 
New York, N. Y. 
San Carlos, Calif. 
Los Angeles, Calif. 
Philadelphia, Pa. 
Washington, D. C. 
Baltimore, Md. 
Baltimore, Md. 
Kansas City, Mo. 
Fort Worth, Tex, 
Chicago, Il. 

Los Angeles, Calif. 
Philadelphia, Pa. 
New York, N. Y. 
Chicago, Ill. 
Montreal, Quebec, Canada 
New York, N. Y. 
Oklahoma City, Okla. 
Shreveport, La. 
Washington, D. C. 
Toronto, Ontario, Canada 
Denver, Colo. 
Birmingham, Ala. 
Seattle, Wash. 
Clifton, N. J. 

New York, N. Y. 
Boston, Mass. 
Charlotte, N. C. 
Portland, Oreg. 

St. Louis, Mo. 
Washington, D. C. 
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Committee on Special Communica- 


tions Applications 


E. C. Chamberlin, Jr., Chairman; Western Union Tele- 
graph Co, 60 Hudson Street, New York 13, N. Y. 


A. A, James, Vice-Chairman 
H. M. Case, Secretary 


G. W. Baughman 
J. B. Coleman 
W. R. Donsbach 
A. T. Lattauzeo 
N. H. Saunders 
J. E. Spencer 

T. W. Stringfield 


New Haven, Conn. 
New York, N. Y. 
Pittsburgh, Pa. 
Camden, N. J. 
Baltimore, Md. 
New York, N. Y. 
Chicago, Ill. 
Birmingham, Ala. 
Portland, Oreg. 


Electro-Acoustics Subcommittee 


(Personnel not available) 


Railroad Radio Subcommittee 


(Personnel not available) 


Committee on Telegraph Systems 


E, F. Watson, Chairman; Bell Telephone Laboratories, 
Inc., 463 West Street, New York 14, N. Y. 


F. H. Cusack, Vice-Chairman 
R. B. Shanck, Secretary 


A. S. Benjamin 
A. G. Cooley 
A. H. Gardiner 
D. F. Hazen, Jr. 
J. V. L. Hogan 
Alfred Kahn 

J. B. Moore 
Eldon Nichols 
H. A. Palm, Jr. 
R. E. Pierce 

R. B. Steele 


H. P. Westman, Sr. 


G. B. Worthen 


New York, N. Y. 

New York, N. Y. 
Chicago, Ill. 

New York, N. Y. 
Montreal, Quebec, Canada 
Philadelphia, Pa. 

New York, N. Y. 

New York, N. Y. 

New York, N. Y. 

New York, N. Y. 
Chicago, Ill. 

New York, N. Y. 
Torono, Ontario, Canada 
New York, N. Y. 

New York, N. Y. 


Facsimile Subcommittee 


A. G. Cooley, Chairman; Times Facsimile Corporation, 
540 West 58th Street, New York 19, N. Y. 


Committee on Television and Aural 
Broadcasting Systems 


C. E. Dean, Chairman; 


Hazeltine Electronics Corp., 


58-25 Little Neck Parkway, Little Neck, L. I., N. Y. 


L. M. Rodgers, Vice-Chairman 
R. K. Hellmann, Secretary 


W. R. Booth 
G. H. Brown 
O. H. Caldwell 
J. F. Cannon 

. B. Coleman 


. Cumming 
. Epperson 
ig te Everitt 


aes 


. Goldmark 
. Hanson 

. Harmon 
. Harnett 
ee Heiser 
cott Helt 

H, F. Herbig 
D. G. Little 
Carmine Masucci 
True McLean 
W. A. Nichols 
C. B. Plummer 
J. W. Rieke 

F. B. Roberts 
R. E. Shelby 
G. R. Town 

V. E. Trouant 
H. E. Weppler 


tar acre 3 aah 
mzZmon, 


n 


Philadelphia, Pa. 

Little Neck, L. I., N. Y. 
Birmingham, Ala. 
Princeton, N. J. 

New York, N. Y. 

New Haven, Conn. 
Camden, N. J. 
Mineola, N. Y. 

New York, N. Y. 
Cleveland, Ohio 
Urbana, Ill. 

Chicago, Ill. 

New York, N. Y. 

Los Angeles, Calif. 
Washington, D. C. 
Syracuse, N. Y. 

Nutley, N. J. 

Clifton, N. J. 

Nutley, N. J. 
Baltimore, Md. 
Bayside, L. I., N. Y. 
Ithaca, N. Y. 

Montreal, Quebec, Canada 
Washington, D. C, 
Murray Hill, N. J. 
New York N. Y. 
New York, N. Y. 
Ames, Iowa 
Camden, N. J. 
New York, N. Y. 


(No Subcommittees ) 


Committee on Wire Communications 


Systems 


P. G. Edwards, Chairman; 


Bell Telephone Laboratories, 


Inc., Murray Hill, N. J. 


H. R. Huntley, Vice-Chairman 
L. R. Montfort, Secretary 


A. L. Albert 

W. M. Allen 

W. C. Burnett 

G. E. Burridge 

E. M. Calderwood 
D. K. Chinlund 
Hezzie Clark 

G. E. Dodrill 
GeAy Dryer 
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New York, N. Y. 
New York, N. Y. 


H. E. Ellithorn Notre Dame, Ind. 
L, G. Erickson San Carlos, Calif. 
D. G. Geiger Toronto, Ontario, Canada 
E. C. Gentle, Jr. Birmingham, Ala. 
R. F. Gosnell St. Louis, Mo. 
W. C. Hankison Amarillo, Tex. 
L. M. a Ape Kansas City, Mo. 
Cc. D, How Seattle, Wash. 
L. A, ate Cambridge, Mass. 
J. R. Hyneman New York, N. Y. 
-E. R. Jones Denver, Colo. 
R. W. Linney Oklahoma City, Okla. 
C. H. McGuire Montreal, Quebec, Canada 
R. H. Miller San Francisco, Calif. 
Elmer Niemoller Los Angeles, Calif. 
R. R. O’Connor Chicago, Il. 
W. F. Potter Boston, Mass. 
D. A. Riechel Portland, Oreg. 
A. L. Rumsey Albany, N. Y. 
L. J. Shaffer Cleveland, Ohio 
W. T. Smith Washington, D, C. 


(No Subcommittees ) 


General Applications Division 


General Applications Division Com- 
mittee 


L. W. Birch, Chairman; Ohio Brass Co., Transportation 
Dept., Mansfield, Ohio 
R. L. Oetting, Vice-Chairman 
A. G. Oehler, Secretary 
W. L. Berry 
H. F. Brown 
W. Scott Hill 
(representing Board of Directors) 
W. E. Jacobsen 
T. C. Johnson 
Jacob Stair, Jr. 
S. D. Summers 


Cleveland, Ohio 
New York, N. Y. 
Culver City, Calif. 
New Haven, Conn. 
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H. E, Springer Port Angeles, Wash. 
T. O. Sweatt New York, N. Y. 
H. B. Thacker East Pittsburgh, Pa. 
B. F. Thomas, Jr, New York, N. Y. 
R. CG. Waldron Passaic, N, J. 
S. A. Warner New York, N. Y. 
E. F. Wehr Cleveland, Ohio 
R. T. Woodruff Pittsburgh, Pa. 
J. W. Yetter Schenectady, N. Y. 
William Zelley Roebling, N. J. 
T. O. Zittel Lackawanna, N. Y. 


Officers and Committees—1953-54 


J. J. Tesoriero 
E. F, Wehr 


Subcommittee on Distribution Systems im 
Commercial Buildings 


B. F. Thomas, Jr., Chairman; N. A. Lougee & Company, 
120 Broadway, New York 5, N. Y. 

Allan Coggeshall New York, N. Y. 

A. C. Youngson New York, N. Y 


Subcommittee on Power Supply 


H. T. Theis, Chairman; Central Railroad Co. of New 
Jersey, Elizabethport 1, N. J. 
C. J. Firth 


Philadelphia, Pa. 
H. F. Keefer | 


Point Comfort Works, Tex. 


Committee on Mining & Metal 
Industry ) 
W. R. Harris, Chairman; Westinghouse Electric Corp., 


Dept. 10-L, East Pittsburgh, Pa. 
R. B. Moore, Vice-Chairman Schenectady, N. Y.: 


J. E. Arberry Pittsburgh, Pa. . 
H. W. Biskeborn Newark, Ohio | 
W. K. Boice New Haven, Conn. | 
J. E. Breth Fairfield, Ala. 
J. A. Buss Cleveland, Ohio. 
R. M. Carson San Francisco, Calif. : 
R. J. Corfield Garfield, Utah. 
F. W. Cramer Pittsburgh, Pa. 
E. W. Davis Cambridge, Mass. 
J. W. Downie Erie, Pa. 

J. A. Dunn Holden, W. Va. 

J. H, Edwards New York, N. Y. | 
Sam Ein East Chicago, Ind, 
Cecil Farrow Cleveland, Ohio © 
E. J. Gleim Pittsburgh, Pa. 
Lanier Greer Cleveland, Ohio © 
L. N. Grier Pittsburgh, Pa. | 
Cc. L. Gust Lead, S. Dak. 
Ben Harbage Columbus, Ohio 

L. H. Harrison Birmingham, Ala. — 
F. R. Hugus Franklin, Pa, 


G. Ivy Chicago, Ill. 
Scranton, Pa. 


F. Johnson Michigan City, Ind. 
. L, Lindsey Charleston, W. Va. 
. Z, Linsenmeyer East Pittsburgh, Pa. 
. E. Miller Schenectady, N. Y. 
. B. Montgomery Milwaukee, Wis. 
C. Muir Philadelphia, Pa. 
P. Musser Charleston, W. Va. 
H. Myers East Pittsburgh, Pa. 
A. Poppino Phoenix, Ariz. 
E. Price Columbus, Ohio 
B. Scheer Oakland, Calif. 
O. Schnure Sparrows Point, Md. 


ate pe epee ee 


ctor Siegfried Worcester, Mass. 
J. Swanson Gary, W. Va. 
. L. Tyler Irwin, Pa. 
. O. Wardrop South Charleston, W. Va, 
. R. Weichel Wilkes Barre, Pa. 
- R. Wickey Cleveland, Ohio 
. G. Willson Phoenix, Ariz. 
. O. Wood Chicago, III. 


Metal Industries Subcommittee 


F. O. Schnure, Chairman; Bethlehem Steel Co., Spar- 
rows Point, Md. 

W. E. Miller, Secretary 

J. E. Arberry 

H. W. Biskeborn 

J. A. Cortelli 


Schenectady, N. Y. 
Pittsburgh, Pa, 
Newark, Ohio 

Cleveland, Ohio 


F. W. Cramer Pittsburgh, Pa. 
E. F. Donatic Fontana, Calif, 
Sam Ein 


Chicago, Ill. 

Cleveland, Ohio 

Los Angeles, Calif. 
Cleveland, Ohio 
Pittsburgh, Pa. 

East Pittsburgh, Pa. 
Waterbury, Conn.: 
Hamilton, Ontario, Canada 
Milwaukee, Wis. 


Cecil Farrow 

R. I. Greenwood 
Lanier Greer 

L. N. Grier 

W. R. Harris 

G, A. Hornbecker 
D. C. McCrady 
T. B. Montgomery 


ELECTRICAL ENGINEERING 


‘Victor Siegfried 


wg 
-T. R. Weichel 
: 


E, H. Myers 

M. G. Myers, Jr. 
B. E. Price 

E. G. Schlup 


East Pittsburgh, Pa. 
Boston, Mass. 
Columbus, Ohio 
Middletown, Ohio 
i Worcester, Mass. 
J. R. Wickey Cleveland, Ohio 


astern Mining Subcommittee 


R. B. Moore, Chairman; Mining-Indus. Engg. Divs., 


_ General Electric Co., Schenectady 5, N. Y. 
. O. Wood, Secretary Chicago, Ill. 
Breth Bessemer, Ala. 


. Briscoe Indianapolis, Ind. 
Buss Cleveland, Ohio 
. Davis Cambridge, Mass. 
. Downie Erie, Pa. 
Dunn Holden, W. Va. 


New York, N. Y. 

Adena, Ohio 
Gleim Pittsburgh, Pa. 
Birmingham, Ala. 

Franklin, Pa. 
James Scranton, Pa. 
Michigan City, Ind. 


Lindsey Charleston, W. Va. 

J. Z. Linsenmeyer East Pittsburgh, Pa. 
A. C. Muir Philadelphia, Pa. 
H. P. Musser Charleston, W. Va. 
R. R. Richart Benton, Il. 
L. W. Roush South Charleston, W. Va. 
ictor Siegfried Worcester, Mass. 
J. Swanson Gary, W. Va. 

. L. Tyler Trwin, Pa. 


Cc 
G. O. Wardrop South Charleston, W. Va. 


Wilkes Barre, Pa. 


S Western Mining Subcommittee 


' A. B. Chafetz, Chairman; International Mining & 


: 


Chemical Corp., Potash Division, Carlsbad, N. 


Mex. 
C. A. Poppino, Secretary Phoenix, Ariz. 
C. H. Bailey Duluth, Minn. 
Joi.) Bauer Denver, Colo. 
R. D. Call St. Louis, Mo. 
__R. J. Corfield Garfield, Utah 
R. M. Gilbert Spokane, Wash. 
oC. L. Gust Lead, S. Dak. 
J. G. Ivy Chicago, Il. 
J. O. Kammerman Rapid City, S. Dak. 
H. R. Lloyd Salt Lake City, Utah 
R. E. Martin Inspiration, Ariz. 
B. E. Rector East Pittsburgh, Pa. 
W. G. Willson Phoenix, Ariz. 


Power Division 


Power Division Committee 


B. G. A. Skrotzki, Chairmen; Associate Editor, Power, 
330 West 42nd Street, New York 36, N. Y. 

G. T. Hatcher, Vice-Chairman New York, N. Y. 

R. S. Gardner, Secretary New York, N. Y. 


J. A. Adams Philadelphia, Pa. 
W. R. Brownlee Birmingham, Ala. 
R. F. Danner Oklahoma City, Okla. 


(representing Board of Directors) 


H. L. Harrington Buffalo, N. Y. 


A. A. Johnson East Pittsburgh, Pa. 
L. F. Kennedy Schenectady, N. Y. 
W. A. Lewis, Jr. Chicago, III. 
S. C. Leyland Newark, N. J. 
W. E. Marter Pittsburgh, Pa. 
J. B. McClure Schenectady, N. Y. 
M. H. McGrath Perth Amboy, N. J. 
E. I. Pollard Ridgway, Pa. 
F. V. Smith Chicago, Ill. 
C. G. Veinott Cleveland, Ohio 
C, F. Wagner East Pittsburgh, Pa. 
R. L, Webb New York, N. Y. 
K. L. Wheeler Cleveland, Ohio 


Committee on Carrier Current 


S. GC. Leyland, Chairman; Westinghouse Electric Corp., 
95 Orange Street, Newark 2, N. J. 
L. G. Eaton, Vice-Chairman (East) 


L. E. Ludekens, Vice-Chairman (West) ; 
Los Angeles, Calif. 


Newark, N. J. 
Washington, D. C. 
New York, N. Y. 
Los Angeles, Calif. 
Butte, Mont. 


Boston, Mass. 


H. W. Lensner, Secretary 
J. F. Atkinson 

S. C. Bartlett 

T. M. Blakeslee 


W. H. Blankmeyer 

GC. W. Boadway Toronto, Ontario, Canada 
J. R. Boston Portland, Oreg. 
R. L. Brinton San Francisco, Calif. 
H. A. Brown Rochester, N. Y. 
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R. C. Cheek Baltimore, Md. 
T. A. Cramer Schenectady, N. Y. 
J. A. Doremus Plainville, Conn. 
G. W. Dupree Amarillo, Tex. 
J. R. Ellison Oklahoma City, Okla. 
G, E, Farmer Chattanooga, Tenn. 
F. B. Gunter Baltimore, Md. 
E. W. Kenefake Syracuse, N. Y. 
L. F. Kennedy Schenectady, N. Y. 
J. V. Kresser San Francisco, Calif. 
Samuel Lubin North Adams, Mass. 
T. D. MacCoun Mineola, N. Y. 
D. M. MacGregor New York, N. Y. 
T. W. MacLean Spokane, Wash. 
O. K. Mangum Phoenix, Ariz. 
J. V. McGaughy Seattle, Wash, 
J. D. Moynihan East Pittsburgh, Pa. 
T. A. Phillips Phoenix, Ariz. 
D. C. Pinkerton Syracuse, N. Y. 
L. R. Preston Chicago, Ill. 
T. T. Smith Portland, Oreg. 
H. J. Sutton Beaumont, Tex. 


Chicago, Ill. 
Alcoa, Tenn. 
Dallas, Tex. 
Birmingham, Ala. 
Detroit, Mich. 


Mead Warren, Jr. 
GC. L. Wilie,, Jr. 
T. D. Wood, Jr. 
Jean Youngblood 


Executive Subcommittee 


C. W. Boadway, Chairman; Hydro-Electric Pr. Comm. 
of Ont., 620 University Ave., Toronto 2, Ontario, 
Canada 

(Personnel to be selected) 


Subcommittee for Preparation of a Gen- 
eral-Interest Paper on Carrier Current 


C. W. Boadway, Chairman; Hydro-Electric Pr. Comm. 
of Ont., 620 University Ave., Toronto 2, Ontario, 
Canada 

(Personnel to be selected) 


Subcommittee to Report on Application 
Guidance for Carrier Current 


G. E. Farmer, Chairman; Tennessee Valley Authority, 
Power Building, Chattanooga, Tenn. 
(Personnel to be selected) 


Subcommittee on Methods of Measure- 
ments and High Frequency Characteristics 
of Power Equipment and Transmission 
Lines 


S. C. Bartlett, Chairman; American Gas & Elec. Serv. 
Corp., 30 Church St., New York 8, N. ¥; 
(Personnel to be selected) 


Subcommittee on Use of Microwave Equip-.. 


ment for Relaying Telemetering and 

Supervisory Control 

S. C. Leyland, Chairman; Westinghouse Electric Corp., 
95 Orange Street, Newark 2, N. J. 

(Personnel to be selected) 


Subcommittee on Operating Experience 
With Carrier Current Relaying Channels 


H.W. Lensner, Chairman; Westinghouse Electric Corp., 
95 Orange St., Newark 1, N. J. 
(Personnel to be selected) 


Subcommittee on Electron Tube Applica- 
tions 


L. G. Eaton, Chairman; New England Power Serv. Co., 
441 Stuart St., Boston 16, Mass. 
(Personnel to be selected) 


Subcommittee to Prepare a Carrier Cur- 
rent Bibliography 
L. F. Kennedy, Chairman; General Electric Co., Central 


Station Engg. Div., Schenectady 5, N. Xs 
(Personnel to be selected) 


Subcommittee to Prepare Standards for 
Carrier Radiation 


F. B. Gunter, Chairman; Westinghouse Electric Corp., 
2519 Wilkens Ave., Baltimore 3, Md. 
(Personnel to be selected) 


Committee on Insulated Conductors 


M. H. McGrath, Chairman; General Cable Corporation, 

Sales Engineering Department, Perth Amboy, N. J. 
M. W. Ghen, Vice-Chairman Pittsburgh, Pa. 
L. E. Fogg, Secretary Phillipsdale, R. I. 
M. J. Andrews Los Angeles, Calif. 
C. F. Avila Boston, Mass. 


Officers and Committees—1953-54 


H. G, Barnett East Pittsburgh, Pa. 
C. E. Baugh San Francisco, Calif. 
E, D. Bent Montreal, Quebec, Canada 
R. C. Blankenburg Los Angeles, Calif. 
Andrew Bodicky St. Louis, Mo. 
A. S. Brookes Newark, N. J. 
W. R. Bullard New York, N. Y. 
R. S. Caruthers San Carlos, Calif. 
H. W. Clark Washington, D. C. 
E. W. Davis Cambridge, Mass. 
W. A. Del Mar Yonkers, N. Y. 
C. D. Eash Jackson, Mich. 
D. M. Farnham Montreal, Quebec, Canada 
G. H. Fiedler Rochester, N. Y. 
E. H. Finch Chicago, Ill. 
R. W. Gillette New York, N. Y. 
Herman Halperin Chicago, Ill. 
L. F. Hickernell Hastings-on-Hudson, N. Y. 
L. E. Howard Bridgeport, Conn. 
B. R. Hubbard Trenton, N. J. 
A. H. Kidder Philadelphia, Pa. 
R. H. Kolks Cincinnati, Ohio 
L. I. Komives Detroit, Mich. 
M. J. Lowenberg Boston, Mass. 
R. E. Morse New York, N. Y. 
J. H. Nicholas Chicago, Il. 
C. T. Nicholson Buffalo, N. Y. 
J. CG. Parker Memphis, Tenn. 
W. T. Pierce Worcester, Mass. 
F. L. Phillips Kansas City, Mo. 
J. J. Pokorny Cleveland, Ohio 
8. J. Rosch Hastings-on-Hudson, N. Y. 
J. J. Rueckert Baltimore, Md. 
R. A. Schatzel Rome, N. Y. 
G. B. Shanklin Schenectady, N. Y. 
H. D. Short Toronto, Ontario, Canada 
F. W. Smith Richmond, Va. 
Joseph Sticher Detroit, Mich. 


E. G. Sturdevant Bristol, R. I. 
Gordon Thompson New York, N. Y. 
A. J. Warner Nutley, N. J. 
R. J. Wiseman Passaic, N. J. 
W. J. Wortman Charlotte, N. C. 
K. S. Wyatt Yonkers, N. Y. 
C. W. Zimmerer New York, N. Y. 


Administration Subcommittee 


M. H. McGrath, Chairman; General Cable Corporation, 
26 Washington Street, Perth Amboy, N. J. 


M. W. Ghen, Vice-Chairman 
L. E. Fogg, Secretary 


Subcommittee Chairmen: 


Pittsburgh, Pa. 
Phillipsdale, R. I. 


A. S. Brookes Newark, N. J. 
E. W. Davis Cambridge, Mass. 
W. A. Del Mar Yonkers, N. Y. 


R. W. Gillette 
Herman Halperin 


New York, N. Y. 
Chicago, IIl. 


B. R. Hubbard Trenton, N. J. 
R. H. Kolks Cincinnati, Ohio 
L. I. Komives Detroit, Mich. 
W. T. Peirce Worcester, Mass. 
J. J. Pokorny Cleveland, Ohio 
S. J. Rosch Hastings-on-Hudson, N. Y. 


Baltimore, Md. 
Detroit, Mich. 


J. J. Rueckert 
Joseph Sticher 


Standards and Publications Subcommittee 


A. S. Brookes, Chairman; Public Service Electric & Gas 
Co., 80 Park Place, Newark, N. J. 
H. G. Barnett East Pittsburgh, Pa. 


E. D. Bent Montreal, Quebec, Canada 
Andrew Bodicky St. Louis, Mo. 
L. E. Fogg Phillipsdale, R. I. 
L. F. Hickernell Hastings-on-Hudson, N. Y. 
F. M. Hull Detroit, Mich. 


Perth Amboy, N. J. 
Trenton, N. J. 
New York, N. Y. 


M. H. McGrath 
G. C. Shackford 
C. W. Zimmerer 


Cable Characteristics Subcommittee 


W. A. Del Mar, Chairman; Phelps Dodge Copper Prod- 
ucts Co., Habirshaw Cable and Wire Division, 
Yonkers, N. Ys 


M. J. Andrews 


Los Angeles, Calif. 


Cc. A. Bauer Chicago, Ill. 
E. D. Bent Montreal, Quebec, Canada 
F. H. Buller Schenectady, N. Y. 
R. W. Burrell New York, N. Y. 
E. H. Finch Chicago, Il. 


E, H. Grosser 
Herman Halperin 
L. E. Howard 

F. M. Hull 

A. H. Kidder 

M. H. McGrath 
Louis Meyerhoff 


Chicago, Il. 
Chicago, Il. 
Bridgeport, Conn. 
Detroit, Mich. 
Philadelphia, Pa. 
Perth Amboy, N. J. 
Bayonne, N. J. 
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J. H. Neher Philadelphia, Pa. 
F, L. Phillips Kansas City, Mo. 
G. B. Shanklin Schenectady, N. Y. 
R, J. Wiseman Passaic, N. J. 
F. O. Wollaston Vancouver, British Columbia, 

Canada 


Conductors Subcommittee 


B. R. Hubbard, Chairman; J. A. Roebling’s Sons Co., 
Trenton 2, N. J. 
G. W, Acock Rome, N. Y. 


Insulations Subcommittee 


Joseph Sticher, Chairman; The Detroit Edison Co., 2000 
—2nd Avenue, Detroit 26, Mich. 

J. C. Balsbaugh 

J. T. Blake 

A. 8, Dana 

G. S. Eager, Jr. 

E. W. Greenfield 


Cambridge, Mass. 
Cambridge, Mass. 
Seymour, Conn. 
Bayonne, N. J. 
Newark, Ohio 


B. R. Hubbard Trenton, N. J. 
E. L. Lotz Irvington, N. J. 
E. E. MclIlveen Passaic, N. J. 
R. B. McKinley Bridgeport, Conn. 
S. J. Rosch Hastings-on-Hudson, N. Y. 
E. S. Ross Philadelphia, Pa. 
R. A. Schatzel Rome, N. Y. 
G. M. L. Sommerman Columbus, Ohio 
E. G. Sturdevant Bristol, R. I. 
A. J, Warner Nutley, N. J. 
R. E. Wing New Haven, Conn. 
K. S. Wyatt Yonkers, N. Y. 


Sheaths and Coverings Subcommittee 


J. J. Rueckert, Chairman; Consolidated Gas Electric 
Light & Power Co. of Baltimore, Monument & 
Constitution Streets, Baltimore 3, Md. 


Cc. F. Avila Boston, Mass. 
C. F. Betzer Chicago, III. 
Andrew Bodicky St. Louis, Mo. 
A. S. Brookes Newark, N. J. 
G. E, Fiedler Rochester, N. Y. 
L. E. Fogg Phillipsdale, R. I. 
L. F. Hickernell Hastings-on-Hudson, N. Y. 
F. M. Hull Detroit, Mich. 
A. H. Kidder Philadelphia, Pa. 
Louis Meyerhoff Bayonne, N. J. 
E. J. Nelson Rochester, N. Y. 
J. J. O’Donnell New York, N. Y. 
Samuel Rosenbach Pittsburgh, Pa. 
C. C. Shackford Trenton, N. J. 
H. D. Short Toronto, Ontario, Canada 
R. C. Waldron Passaic, N. J. 
F. O. Wollaston Vancouver, British Columbia, 

Canada 
G. W. Zink Yonkers, N. Y. 


Cable Supply Systems Subcommittee 


R. W. Gillette, Chairman; Consolidated Edison Company 
of New York, Inc., 4 Irving Place, New York 3, 
IN; Ye 


C. F. Avila Boston, Mass. 
R. C. Blankenburg Los Angeles, Calif. 
F. A. Bolien Portland, Oreg. 
W. R. Bullard New York, N. Y. 
H. W. Clark Washington, D. C, 
D. M. Farnham Montreal, Quebec, Canada 
M. W. Ghen Pittsburgh, Pa. 
Herman Halperin Chicago, II. 


L. F. Hickernell Hastings-on-Hudson, N. Y. 
L. W. Howard Bridgeport, Conn. 
L. I. Komives Detroit, Mich. 
M. J. Lowenberg Boston, Mass. 
M. H. McGrath Perth Amboy, N. J. 
C. T. Nicholson Buffalo, N. Y. 
J. C. Parker Memphis, Tenn. 
C. S. Schifreen Philadelphia, Pa. 
F. B. Schullerts San Francisco, Calif. 
G. B. Shanklin Schenectady, N. Y. 
H. D. Short Toronto, Ontario, Canada 
F. W. Smith Richmond, Va. 
R. J. Wiseman Passaic, N. J. 
K. S. Wyatt Yonkers, N. Y. 


Utilization Wiring Systems Subcommittee 


S. J. Rosch, Chairman; Anaconda Wire & Cable Co., 
Hastings-on-Hudson 6, N. Y. 


H. G. Barnett East Pittsburgh, Pa. 
W. R. Bullard New York, N. Y. 
E. C. DeBaene Detroit, Mich. 
H. P. Dupre New York, N. Y. 
G. S. Eager, Jr. Bayonne, N. J. 
R. W. Foster Canton, N. C. 
M. J. Lowenberg Boston, Mass. 
E. E. MclIlveen Passaic, N. J. 
R. A. Schatzel Rome, N. Y. 
J. J. Tesoriero New York, N. Y. 
J. S. Waddington Brockville, Ontario, Canada 
H. H. Watson Bridgeport, Conn. 
C. W. Zimmerer New York, N. Y. 
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Special-Purpose Cable Subcommittee 


W. T. Peirce, Chairman; American Steel and Wire Com- 


pany, Worcester, Mass. 


G. W. Acock Rome, N. Y. 
J. F. Atkinson Washington, D. C. 
E. D. Bent Montreal, Quebec, Canda 
E. W. Davis Cambridge, Mass. 
H. S. Eubank New York, N. Y. 
E. H, Finch Chicago, Ill 
R. G, Gleeson Jewett City, Conn. 
R. H. Kolks Cincinnati, Ohio 
R. B. McKinley Bridgeport, Conn. 
F. L. Phillips Kansas City, Mo. 
E. G. Sturdevant Bristol, R. I. 
J. J. Tesoriero New York, N. Y. 
J. S. Waddington Brockville, Ontario, Canada 
R. C. Waldron Passaic, N. J. 
A. J. eas! Nutley, N. J. 
G. W. Z Yonkers, N. Y. 


Accessories Subcommittee 


R. H. Kolks, Chairman; Cincinnati Gas & Electric Co., 
323 Plum Street, Cincinnati 2, Ohio 


Cc. D. Eash Jackson, Mich. 
R. W. Gillette New York, N. Y. 
R. C. Graham Rome, N. Y. 
E. H. Grosser Chicago, IIl. 
Fred Heller New York, N. Y. 
J, E, Johnson Philadelphia, Pa. 
E, L. Leinbach Detroit, Mich. 
H. E. Martin Brooklyn, N. Y. 
A. L. McKean Yonkers, N. Y. 
R. E. Morse New York, N. Y. 
J. H. Nicholas Chicago, III. 
J. J. Pokorny Cleveland, Ohio 
S. J. Rosch Hastings-on-Hudson, N. Y. 
Samuel Rosenbach Pittsburgh, Pa. 
F. B. Schullerts San Francisco, Calif. 
D. S. Young Toronto, Ontario, Canada 


Structures Subcommittee 


J. J. Pokorny, Chairman; Cleveland Electric Illuminat- 
ing Co., 75 Public Square, Cleveland 1, Ohio 


M. J. Andrews 
Cc. E. Baugh 
R. C. Blankenburg 


Los Angeles, Calif. 


San Francisco, Calif. 


Los Angeles, Calif. 


Andrew Bodicky St. Louis, Mo. 
H. W. Clark Washington, D. C. 
C. D. Eash Jackson, Mich. 
H. S. Eubank New York, N. Y. 
G. H. Fiedler Rochester, N. Y. 
M. W. Ghen Pittsburgh, Pa. 
R. W. Gillette New York, N. Y. 
C. T. Nicholson Buffalo, N. Y. 
F. L. Phillips Kansas City, Mo. 
J. J. Rueckert Baltimore, Md. 
F, W. Smith Richmond, Va. 


Tests and Measurements Subcommittee 


E. W. Davis, Chairman; Simplex Wire & Cable Co., 79 
Sidney Street, Cambridge 39, Mass. 


J. C, Balsbaugh 


Cambridge, Mass. 


C. F, Betzer Chicago, IIl. 
A. S. Dana Seymour, Conn. 
W. A. Del Mar Yonkers, N. Y. 
E. W. Greenfield Newark, Ohio 
C. G. Mansfield Los Angeles, Calif. 
J. CG. Parker Memphis, Tenn. 
G. M. L. Sommerman Columbus, Ohio 


Joseph Sticher 
Gordon Thompson 
P. H. Ware 

C. W. Zimmerer 


Detroit, Mich. 
New York, N. Y. 
Cambridge, Mass, 
New York, N. Y. 


European Practice Subcommittee 


L. I. Komives, Chairman; The Detroit Edison Company, 
2000—2nd Avenue, Detroit 26, Mich. 


Committee on Power Generation 


J. B. McClure, Chairman; General Electric Co., Electric) 


Utility Engineering, Schenectady 5, N. Y. 
F, L. Lawton, Vice-Chairman 


J. E. Barkle, Jr., Secretary 


H., F. Abbott Montreal, Quebec, Canada 
C. E, Asbury Jackson, Mich.) 
A. F. Ayres Riverside, Calif s 
W. C. Beattie New York, N. Ys 
E, P. Bryant Los Angeles, Calif. 


Giuseppe Calabrese 
W. J. Campbell 
H. E. Deardorff 


S. M. Denton Denver, Colo, 
D. P. Dinapoli ._ San Francisco, Calif, 
Alex Dovjikov Portland, Oreg. 
R. E, Dyer Abernathy, Tex. 
V. F. Estcourt San Francisco, Calif. 
C. B. Fontaine Lynn, Mass. 

. Gamble St. Louis, Mo. 


Kilbourne 


. La Pierre 


S 
2 
= 
= 


. Mergenthaler 
Norell 
. Paulus 

t. Pollard 

S. Randall 

D. Reimers 

T. Rosenberg 

E. Schmitt 

C. Schuknecht 
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G. R. Woodman 


Montreal, Quebec, Canada 
East Pittsburgh, Pa. 


New York, N. Y. 


Detroit, Mich. J 


Kansas City, Mo.. 
Atlanta, Ga. 
Nashville, Tenn. 
Detroit, Mich. | 
Niagara Falls, Ontario, oe 
Pittsburgh, Pa. 
Portland, Oreg. 
Walla Walla, Wash. . 
Schenectady, N. Y._ 
East Pittsburgh, Pa. 
New York, N. Y. 
New York, N. Y. 
Montreal, Quebec, Canada 
Birmingham, Ala. | 
Chicago, Tl. 
Cleveland, Ohio — 
Seattle, Wash. 
Washington, D. C. | 
New York, N. Y. 
Milwaukee, Wis. — 
Austin, Tex. 
Portland, Oreg. — 


. M. Sharpe Montreal, Quebec, Canada 

. G, A. Skrotzki New York, N. Y. 
. E. Taylor Toronto, Ontario, Canada © 
. W. Walton Oklahoma City, Okla. 

. W. Watchorn Baltimore, Md. 

. A. Weiss Imperial, Calif. 
. F. Wetmore Detroit, Mich. 

. C, Whelchel San Francisco, Calif. 

. B. Wilfley St. Louis, Mo. 

. R. Wisner Boston, Mass. 


Los Angeles, Calif. 


Prime Movers Subcommittee 


B. G. A. Skrotzki, Chairman; Associate Editor, Power, 
330 West 42d St., New York 36, N. Y. 


W. C. Beattie 

E. P. Bryant 

W. P. Hammond 
A. P. Hayward 

J. T. Madill 

A. L. Pollard 

C. C. Whelchel, Jr. 


New York, N. Y. 

Los Angeles, Calif. 
Atlanta, Ga. 

Pittsburgh, Pa. 

Montreal, Quebec, Canada 
Seattle, Wash. 

San Francisco, Calif. 


Speed Governing Subcommittee 


A. P. Hayward, Chairman; Duquesne Light Co., 435— 
6th Ave., Pittsburgh 19, Pa. 


Cc. P. Almon, Jr. 
J. M. Baker 

W. D. Marsh 

T. H. Mawson 
G. H. McDaniel 
F. L. Reinmann 
D. M. Sauter 
G. J. Vencill 


Chattanooga, Tenn. 
Lynn, Mass. 
Schenectady, N. Y. 
Birmingham, Ala. 
New York, N. Y. 
Michigan City, Ind. 
East Pittsburgh, Pa. 
St. Louis, Mo. 


Excitation Systems Subcommittee 


J. H. Kinghorn, Chairman; American Gas and Electric 
Service Corp., 30 Church Street, New York 8, N. Y. 


J. E. Barkle, Jr. 


East Pittsburgh, Pa. 


H. W. Cory Milwaukee, Wis. 
P. L. Dandeno Toronto, Ontario, Canada 
S. M. Denton Denver, Colo. 


A. N. Arman Eastleigh, England 
C. C. Barnes London, England 
L. G. Brazier London, England 
W. R. Bullard New York, N. Y., U.S.A. 
E. L. Davey Manchester, England 


Luigi Emanueli 
Robert Goldschmidt 
B. O. N. Hansson 
P. M. Hollingsworth 
Heinz Horn 

M. E. Laborde 

J. S. Mollerhoj 
Robert Nordell 

Cc. T. W. Sutton 

J. C. Van Staveren 
R. J. Wiseman 

K. S. Wyatt 


Milan, Italy 

Cossonaz Gare, Switzerland 
Stockholm, Sweden 
London, England 

Koln Mulheim, Germany 
Paris, France 
Copenhagen, Denmark 
Sundyberg, Sweden 
London, England 
Arnhem, Netherlands 
Passaic, N. J., U.S.A. 
Yonkers, N. Y., U.S.A. 
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Alex Dovjikov 
C. B, Fontaine, Jr. 
J.uEts Kinghorn 
M. S. Kirwen 
L. 
M. 


Portland, Oreg. 
Lynn, Mass, 

New York, N. Y. 
Jackson, Mich, 
Chicago, IIl. 
Schenectady, N. Y. 
East Pittsburgh, Pa. 


F. Lischer 
Temoshok 
C. E. Valentine 


Station Design Subcommittee 


J. E. Barkle, Jr., Chairman; Westinghouse Electric Corp., 
Industry Engineering Dept., East Pittsburgh, Pa. 
Cc. E. Asbury Jackson, Mich. 
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Los Angeles, Calif. 


H. E. Deardorff , Dayton, Ohio 
R. Harris Detroit, Mich. 

G. Mellor Schenectady, N. Y. 

_A. H. Mergenthaler Birmingham, Ala. 
}. F. Paulus Cleveland, Ohio 

. W. Perry Binghamton, N. Y. 

H. Phillips Reading, Pa. 

. R. Wisner Boston, Mass. 


-Hydro-Electric Systems Subcommittee 
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BE. L. Lawton, Chairman; Aluminum Laboratories, itd: 
ve 1800 Sun Life Building, Montreal, Quebec, Canada 

HLF. Abbott Montreal, Quebec, Canada 

_ §. M. Denton Denver, Colo. 
ad. P. Fraser Vancouver, British Columbia, Canada 

_X. J. Granbois Conestoga, Pa. 
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R. A. Hopkins Knoxville, Tenn. 
_ A. W. Howard Calgary, Alberta, Canada 
_ J. T. Madill Montreal, Quebec, Canada 

A. L. Pollard Washington, D. C. 
_ J. M. Sharpe Montreal, Quebec, Canada 
_ T. C. Stavert Los Angeles, Calif. 
_ W. E. Taylor Toronto, Ontario, Canada 
be. Mead Warren, Jr. Alcoa, Tenn. 

_E. C. Whitney East Pittsburgh, Pa. 


_ G.R. Woodman Los Angeles, Calif. 
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Pacific Coast Subcommittee 


_E. P. Bryant, Chairman; Dept. of Water & Power, City 
: of Los Angeles, 1677 Hill Drive, Los Angeles, Calif. 

__ S. M. Denton Denver, Colo. 
Alex Dovjikov Portland, Oreg. 
- V.Hz. Estcourt San Francisco, Calif. 
N. G. Holmdahl Coulee Dam, Wash. 
: Thomas Ingledow Vancouver, British Columbia, 
e) Canada 
J. V. Kresser San Francisco, Calif. 
A. L. Pollard Seattle, Wash. 
_ .G. R. Woodman Los Angeles, Calif. 


Committee on Protective Devices 


Alva A. Johnson, Chairman; Westinghouse Electric 
Corp., Central Station Engineering Department, 
East Pittsburgh, Pa. 

E. G. Norell, Vice-Chairman 

E. M. Hunter, Secretary 


Chicago, Il. 
Schenectady, N. Y. 


G. G. Auer Schenectady, N. Y. 
J. P. Barron Dallas, Tex. 
S. E. Caldwell Portland, Oreg. 
G. B. Campbell Birmingham, Ala. 
P. S. Colby Raleigh, N. C. 
J. O. Coleman Boston, Mass. 
L. M. Connors Toronto, Ontario, Canada 
H. A. Cornelius Chicago, Ill. 


J. M. Crawford 
F. M. Defandorf 


Montreal, Quebec, Canada 
Washington, D. C. 


G. K. Ditlow Washington, D. C. 
G. B. Dodds Pittsburgh, Pa. 
J. R. Eaton Lafayette, Ind. 
T. I. Eldridge Philadelphia, Pa. 
Byron Evans Denver, Colo. 
R. D. Hambrick San Francisco, Calif. 
P. A. Jeanne New York, N. Y. 
K. H. Kidd Toronto, Ontario, Canada 
W. A. Lewis, Jr. Chicago, Ill. 
F. R. Longley Springfield, Mass. 
W. A. McMorris Pittsfield, Mass. 
R. E. Neidig Reading, Pa. 
A. M. Opsahl East Pittsburgh, Pa. 
P. W. Shill Niagara Falls, Ontario, Canada 
W. E. Shula Fort Worth, Tex. 
O. L. Sidenfaden Los Angeles, Calif. 


Nicholas Stadfeld, Jr. Boston, Mass. 
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H. O. Stoelting South Milwaukee, Wis. 
D. C,. Switzer Hartford, Conn. 
H. R. Tomlinson Boston, Mass. 
J. M. Towner Baltimore, Md. 
Cc. L. Wagner East Pittsburgh, Pa. 
'G. W. Walsh Schenectady, N. Y. 
E. H. Yonkers Chicago, Il. 


Lightning Protective Devices Subcommit- 
tee 


A. M. Opsahl, Chairman; Westinghouse Electric Corp., 
Switchgear Distribution Apparatus, East Pitts- 


burgh, Pa. 
H. R. Armstrong Detroit, Mich. 
‘S. E. Caldwell Portland, Oreg. 
L. M. Connors Toronto, Ontario, Canada 
H. A. Cornelius Chicago, Il. 
F. M. Defandorf Washington, D. C. 
‘G. K. Ditlow Washington, D. C. 
J. R. Eaton Lafayette, Ind. 
T. I. Eldridge Philadelphia, Pa. 
S. H. Fletcher Richmond, Va. 
W. F. Griffard Jackson, Mich. 
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E. H. Grosser Chicago, Ill. 
I. W. Gross New York, N. Y. 
S. B. Howard Pittsfield, Mass. 
R. F. Huber Chicago, Ill. 
L. S. Inskip New York, N. Y. 
C. M. Jackson Pittsburgh, Pa. 
I. B. Johnson Schenectady, N. Y. 
J. W. Kalb Barberton, Ohio 
F, N. McClure East Pittsburgh, Pa. 
H. O. Stoelting South Milwaukee, Wis. 
J. M. Towner Baltimore, Md. 


Fault Limiting Devices Subcommittee 


J. O’R. Coleman, Chairman; Stone & Webster Engg. 
Corp., 49 Federal Street, Boston 7, Mass. 

G. B. Dodds Pittsburgh, Pa. 

Byron Evans Denver, Colo, 


E. M. Hunter Schenectady, N. Y. 
P. A. Jeanne New York, N. Y. 
Cc. A. Jones Birmingham, Ala. 
W. A. Lewis, Jr. Chicago, Ill. 
F. R. Longley Springfield, Mass. 
W. W. Loucks Toronto, Ontario, Canada 
Corbett McLean Portland, Oreg. 
R. E. Neidig Reading, Pa. 
Einar Nilsson San Francisco, Calif. 
E. G. Norell Chicago, Ill. 
J. G. Russ Pittsfield, Mass. 
L. E. Sauer Sharon, Pa. 
O. L. Sidenfaden Los Angeles, Calif. 
D. C. Switzer Hartford, Conn. 
G. W. Walsh Schenectady, N. Y. 


Committee on Relays 


W. E. Marter, Chairman; Duquesne Light Co., 435—6th 
Avenue, Pittsburgh 19, Pa. 

Frank von Roeschlaub, Vice-Chairman New York, N. Y: 

L. L. Fountain, Secretary East Pittsburgh, Pa. 


A. W. Adams Portland, Oreg. 
J. E. Barkle, Jr. East Pittsburgh, Pa. 
H. C. Barnes New York, N. Y. 


J. L. Blackburn 
M. A. Bostwick 
. W. Bowman 


Newark, N. J. 
Portland, Oreg. 
Fort Wayne, Ind. 
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L. L. Brandow Binghamton, N. Y. 
F. P. Brightman Schenectady, N. Y. 
R. J. Cooper Atlanta, Ga, 
R. E. Cordray Philadelphia, Pa. 
L. L. Draper Los Angeles, Calif. 
M. A. Faucett Decatur, Ill. 
F. S. Fehr Reading, Pa. 
L. F, Ferri Jackson, Mich. 
G. W. Gerell St. Louis, Mo. 
Sidney Goldsmith Cincinnati, Ohio 
T. R. Halman Detroit, Mich. 
G. W. Hampe Chicago, Ill. 
V. J. Hayes Hartford, Conn. 
C. L. Headley Baltimore, Md. 
R. O. Hopkins Beaumont, Tex. 
R. A. Larner Fort Worth, Tex. 
H. F. Lindemuth New York, N. Y. 
J. R. Linders Cleveland, Ohio 
Cort Lowerison Los Angeles, Calif. 
F. H. McColl Ottawa, Ontario, Canada 
A. J. McConnell Schenectady, N. Y. 
G. W. McKenna Philadelphia, Pa. 
H. A. McLaughlin Poughkeepsie, N. Y. 
M. S. Merritt Chattanooga, Tenn. 
W. O. Montgomery Plainfield, Ind. 
M. P. Osburn Toronto, Ontario, Canada 
Arthur Scott San Francisco, Calif. 
H. P. Sleeper Newark, N. J. 
W. K. Sonnemann Newark, N. J. 
George Steeb Buffalo, N. Y. 


H. R. Vaughan 
R. W. World 


Kansas City, Mo. 
Denver, Colo. 


Pacific Coast Subcommittee 


M. A. Bostwick, Chairman; Portland General Electric 
Co., 621 S. W. Alder St., Portland, Oreg. 
Cort Lowerison, Vice-Chairman Los Angeles, Calif. 


A. W. Adams Portland, Oreg. 
W. G. Collins San Francisco, Calif. 
A. E. Frey Portland, Oreg. 
H. R. McKinney Los Angeles, Calif. 
W. G. Meyer San Francisco, Calif. 
W. S. Moody Los Angeles, Calif. 
Ray Rader Seattle, Wash. 
S. W. Savage Los Angeles, Calif. 
Arthur Scott San Francisco, Calif. 
J. F. Sinnott San Diego, Calif. 
G. E. Smith Portland, Oreg. 


E, T. Vickerman, Jr. Spokane, Wash. 


Project Committee on Protection of Gener- 
ators on Unbalanced Current 


G. W. McKenna, Chairman; Philadelphia Electric Com- 
pany, 1000 Chestnut Street, Philadelphia 5, Pa. 
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J. E. Barkle, Jr., Vice-Chairman East Pittsburgh, Pa. 


R. E. Cordray Philadelphia, Pa. 
W. E. Glassburn Newark, N. J. 
T. R. Halman Detroit, Mich. 
R. A. Larner Fort Worth, Tex. 
F. H. McColl Ottawa, Ontario, Canada 
W. G. Meyer San Francisco, Calif. 


Frank von Roeschlaub New York, N. Y. 


Project Committee on Bibliography of 
Relay Literature 


M. A. Faucett, Chairman; University of Illinois, Urbana, 


Ill. 
Sidney Goldsmith Cincinnati, Ohio 
C. E. Parks Indianapolis, Ind. 
Cc. L. Smith Rochester, N. Y- 


E. T. Vickerman, Jr. Spokane, Wash. 


Project Committee on Co-ordination of 
Construction and Protection of Distribu- 
tion Circuits (Joint with Distribution Sub- 
committee and Edison Electric Institute) 


G. B. Dodds, AIEE Chairman & Sponsor; Duquesne 
Light Company, 435 Sixth Avenue, Pittsburgh 19, 


Pa. 
R,. O. Askey Chicago, IIl. 
G. G. Auer Schenectady, N. Y. 


T. J. Brosnan 
Harold Cole 


Buffalo, N. Y. 
Detroit, Mich. 


GC. L. Headley Baltimore, Md. 
Cort Lowerison Los Angeles, Calif. 
H. F. Ostman St. Louis, Mo. 
Cc. L. Smith Rochester, N. Y- 


CG. J. Beller, HEI Chairman & Sponsor; Cleveland Elec. 
Illuminating Co., 75 Public Square, Cleveland 1, 
Ohio 


G. E. Dean Newark, N. J. 
G. H. Fiedler Rochester, N. Y. 
W. P. Holben Pittsburgh, Pa. 


A. L. Malmstrom Detroit, Mich. 


Project Committee on Revision of Stand- 
ards for Power Relays 


J. R. Linders, Chairman & Sponsor; Cleveland Elec. 
Illuminating Co., 75 Public Square, Cleveland 1, 


Ohio 
G. W. Hampe, Vice-Chairman Chicago, Ill. 
R. E. Cordray Philadelphia, Pa. 
V. L. Cox Philadelphia, Pa. 


East Pittsburgh, Pa. 
Beaumont, Tex. 
Chicago, Ill. 

San Francisco, Calif. 


L. L. Fountain 
R. O. Hopkins 
W. A. Lewis, Jr. 
Arthur Scott 


H. P. Sleeper Newark, N. J. 
W. K. Sonnemann Newark, N. J. 
Buffalo, N. Y. 


George Steeb 
Frank von Roeschlaub 
R. W. World 


New York, N. Y. 
Denver, Colo. 


Project Committee on Transmission Line 
Protection 


J. E. Barkle, Jr., Chairman; Westinghouse Electric Corp., 
East Pittsburgh, Pa. 
Frank von Roeschlaub, Vice-Chairman 
New York, N. Y. 
Syracuse, N. Y. 
Fort Wayne, Ind. 
Chicago, Tl. 


L. J. Audlin 
J. W. Bowman 
W. A. Lewis, Jr. 


W. E. Marter Pittsburgh, Pa. 
A. J. McConnell Schenectady, N. Y. 
M. S. Merritt Chattanooga, Tenn. 
C. E. Parks Indianapolis, Ind. 
J. W. Savage Los Angeles, Calif. 


Project Committee on Electronic Relay 
Applications 
F. S. Fehr, Chairman & Sponsor; Metropolitan Edison 


Co., 412 Washington Street, Reading, Pa. 
J. E. Barkle, Jr., Vice-Chairman East Pittsburgh, Pa. 


H. C. Barns New York, N. Y. 
R. J. Cooper Atlanta, Ga. 
L, F. Ferri Elyria, Ohio 
D. M. MacGregor New York, N. Y. 
W. S. Moody Los Angeles, Calif. 
M. P. Osburn Toronto, Ontario, Canada 
R. I. Ward Chicago, Ill. 


Project Committee on Co-ordination of 
Relay Protection of Industrial Power Sys- 
tems with Utility Systems 


T. R. Halman, Chairman & Sponsor; The Detroit Edison 
Co., 2000—2nd Ave., Detroit, Mich. 

J. R. Linders, Vice-Chairman Cleveland, Ohio 

J. E. Barkle, Jr. East Pittsburgh, Pa. 

F. P. Brightman Schenectady, N. Y. 

G. E. Dana Binghamton, N. Y. 


835 


F. S. Fehr Reading, Pa. 
L. F. Ferri Jackson, Mich. 
L. L. Fountain East Pittsburgh, Pa. 
M. M. Gilbert Wilmington, Del. 
G. W. Hampe , Chicago, Ill. 
Cort Lowerison Los Angeles, Calif. 
S. W. Luther Detroit, Mich. 
G. W. McKenna Philadelphia, Pa. 
R. H. Rankin Rochester, N. Y. 
T. O. Sweatt New York, N. Y. 


Project Committee on Relaying Perform- 
ance of Current Transformers 


R. E, Cordray, Chairman; 


General Electric Co., 6901 


Elmwood Ave., Philadelphia, Pa. 
M. P. Osborn, Vice-Chairman Toronto, Ontario, Canada 


J. E. Barkle, Jr. East Pittsburgh, Pa. 
F. R. D’Entremont Lynn, Mass. 
T. R. Halman Detroit, Mich. 
W. A. Lewis, Jr. Chicago, Ill. 
G. E. Smith Portland, Oreg. 
W. K. Sonnemann Newark, N. J. 


C. A. Woods 


East Pittsburgh, Pa. 


Project Committee on Remote Tripping 


Schemes 


H. A. McLaughlin, Chairman & Sponsor; Central Hud- 
son Gas & Elec. Corp., South Road, Poughkeepsie, 


N. Y. 


V. J. Hayes, Vice-Chairman 


Gerson Berman 
J. L. Blackburn 
M. A. Bostwick 
T. A. Cramer 


Sidney Goldsmith 


G. W. Hampe 
H. P. Sleeper 


Waterbury, Conn. 
Dallas, Tex. 
Newark, N. J. 
Portland, Oreg. 


Schenectady, N. Y. 


Cincinnati, Ohio 
Chicago, Ill. 
Newark, N. J. 


Project Committee on Pilot Wires 


W. K. Sonnemann, Chairman; Westinghouse Elec. Corp., 


95 Orange Street, Newark, N. J. 


M. A. Bostwick 


J. L. Davidson, Jr. 


L, L. Fountain 
W. E. Marter 


. J. McConnell 


. L. McKee 


A 

J 

G. W. McKenna 
H. A. McLaughlin 
E. L, Michelson 


Portland, Oreg. 
Mineola, N. Y. 


East Pittsburgh, Pa. 


Pittsburgh, Pa. 


Schenectady, N. Y. 


New York, N. Y. 
Philadelphia, Pa. 


Poughkeepsie, N. Y. 


Chicago, Ill. 


Project Committee on Relaying for Load 


Shedding 


A. J. McConnell, Chairman; General Electric Company, 
1 River Road, Schenectady, N. Y. 


L. L. Brandow, Vice-Chairman 


A. W. Adams 
M. A. Bostwick 


F. P. Brightman 


Binghamton, N. Y. 


Portland, Oreg. 
Portland, Oreg. 


Schenectady, N. Y. 


F. S. Fehr Reading, Pa. 
L. L. Fountain East Pittsburgh, Pa. 
R. A. Larner Fort Worth, Tex. 
W. E. Marter Pittsburgh, Pa. 


Geroge Steeb 


Frank von Roeschlaub 


Buffalo, N. Y. 
New York, N. Y. 


Project Committee on Effect of Vibration 


and Shock on Relays 


L. F. Ferri, Chairman; 
212 West Michigan Ave., 


Commonwealth Associates, Inc., 
Jackson, Mich. 


A. W. Adams Portland, Oreg. 
R. E. Cordray Philadelphia, Pa. 
M. A. Faucett Urbana, II. 
T. R. Halman Detroit, Mich. 
H. F. Lindemuth New York, N. Y. 
W. K. Sonnemann Newark, N. J. 
G. S. Steeb Buffalo, N. Y. 


Project Committee on Test Methods 


. L. Alger 
. Appleman 
Agnold 
. Asbury 
. Baker 
. Bjorquist 
. Buchanan 
. Codling 
s DeKiep 
. Dorfman 
. Eastom 
. Fifer 
) Fishes 
. Fredrick 
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Schenectady, N. Y.° 


Dayton, Ohio 
Lynn, Mass. 
Jackson, Mich. 
Fort Wayne, Ind. 
Portland, Oreg. 
Lima, Ohio 
Cleveland, Ohio 
Minneapolis, Minn. 
New York, N. Y. 
Boulder, Colo. 
Washington, D. C. 
Portland, Oreg. 
Kenosha, Wis. 

St. Louis, Mo. 
Cleveland, Ohio 
Buffalo, N. Y. 
Buffalo, N. Y. 
Philadelphia, Pa. 
Schenectady, N. Y. 
Milwaukee, Wis. 
Charlotte, N. C. 
Dayton, Ohio 
Chicago, Ill. 
Springfield, Ohio 
East Pittsburgh, Pa. 
Washington, D. C. 
Worcester, Mass. 
St. Louis, Mo. 
East Pittsburgh, Pa. 
New York, N. Y. 
Springfield, Mass. 
New York, N. Y. 
West Allis, Wis. 
Buffalo, N. Y. 
Lynn, Mass. 

Los Angeles, Calif. 
Peterboro, Ontario, Canada 
Miami, Fla. 
Columbus, Ohio 
Cleveland, Ohio 
St. Louis, Mo. 
Cleveland, Ohio 
Cleveland, Ohio 
Schenectady, N. Y. 


Administrative Subcommittee 


E. I. Pollard, Chairman; Eliott Co., Ridgway, Pa. 


M. L. Schmidt, Vice-Chairman 
R. F. Edwards, Secretary 


L. W. Buchanan 
E. P. Codling 

L. O. Dorfman 
E. H. Fredrick 
A. T. McClinton 
J. G. Noest 

C. L. Sidway 

F. R. Terrant 


Fort Wayne, Ind. 
Ridgway, Pa. 
Lima, Ohio 
Cleveland, Ohio 
New York, N. Y. 
Kenosha, Wis. 
Washington, D. C. 
New York, N. Y. 
Los Angeles, Calif. 
Cleveland, Ohio 


Synchronous Machinery Subcommittee 


L. O. Dorfman, Chairman; Ebasco Services, Inc., 2 
Rector Street, New York 6, N. Y. 


Cc. E. Asbury 

J. W. Batchelor 
C. H. Bjorquist 
James DeKiep 
L. J. Fisher 

B. N. Gafford 
R. W. Gaskins 
D. B. Harrington 
C. E. Kilbourne 
G. G. Law 

W. A. Lewis, Jr. 
M. R. Lory 

J. G. Noest 

E. I. Pollard 

F. W. Porter 
W. L. Ringland 


Jackson, Mich. 
East Pittsburgh, Pa. 
Portland, Oreg. 
Minneapolis, Minn. 
Portland, Oreg. 
Austin, Tex. 

St. Louis, Mo. 
Schenectady, N. Y. 
Schenectady, N. Y. 
Chicago, II. 
Chicago, Il. 

East Pittsburgh, Pa. 
New York, N. Y. 
Ridgway, Pa. 

New York, N. Y. 
Milwaukee, Wis. 


Levy Dayton, Ohio? 
Springfield, Ohio-y 


H. B. Margolis New York, N. 

W. D. Marsh Schenectady, N. Y-1 
R. C. Moore ! Milwaukee, Wis, 
GP» Potter, St. Louis, Mo. 
Llewellyn Saunders Norfolk, Va. 
J. J. Sousa ; Ampere, N. i 
P. H. Trickey St. Louis, Mo. 


D-C Machinery Subcommittee 


A. T. McClinton, Chairman; Electricity Division, U.S. 
Naval Research Lab., Washington 20, D. C. 


H. H. Angel Bethlehem, Pa. 
M. A. Baker Fort Wayne, Ind. 
J. A. Clark ™~. Cleveland, Ohio 
W. H. Fifer Washington, D. C. 


Lanier Greer Cleveland, Ohio 


C. B. Hathaway Buffalo, N. Y. 
L. H. Hirsch St. Louis, Mo. 
H. E. Koenig Urbana, Ill. 
Richard Lamborn Erie, Pa. | 


Paul Lebenbaum, Jr. Lynn, Mass. 


T. J. Martin Seattle, Wash. 
T. H. Morgan Worcester, Mass. 
E. H. Myers East Pittsburgh, Pa. 
W. J. Price New York, N. Y.~ 
J. H. Schneider Ridgway, Pa. 
E. P. Smith Schenectady, N. Y. 
J. J. Unger Cleveland, Ohio 
C. O. Weilbaech~ Milwaukee, Wis. © 


| 
Single Phase and Fractional iGreen 
Subcommittee 
E. P. Codling, Chairman; Jack & Heintz, Inc., Cleve- 
land 1, Ohio ; 


W. R. Appleman Dayton, Ohio 


N. Bratu Chicago, Ill. 
C. F. Cameron Stillwater, Okla. — 
L. H. Hirsch St. Louis, Mo. 
J. H. Karr Springfield, Ohio 
E. E. Kimberly Columbus, Ohio | 
I. M. Levy Dayton, Ohio 
Cc. F. Miller Baltimore, Md. : 
R. F. Munier St. Louis, Mo. 
L. C. Packer Springfield, Mass. 
C. P. Potter St. Louis, Mo. 
L. C. Schaefer Lima, Ohio 
F. W. Suhr Fort Wayne, Ind. 
K. Y. Tang Columbus, Ohio 
C. G. Veinott Cleveland, Ohio 
J. E. Williams Urbana, Ill. 


Test Code Subcommittee 


L. W. Buchanan, Chairman; Westinghouse Electric 
Corp., Lima, Ohio 
R. E. Arnold Lynn, Mass. 
T. E. M. Carville Lima, Ohio 
C. E. Kilbourne Schenectady, N. Y. 
E. E. Kimberly Columbus, Ohio 
G. L. Moses East Pittsburgh, Pa. 
E. B. Paxton Schenectady, N. Y. 
F. R. Terrant Cleveland, Ohio 


Insulation Subcommittee 


C, L. Sidway, Chatrman; Southern California Edison 
Co., Edison Building, Los Angeles, Calif. 


Sidney Goldsmith, Chairman; Cincinnati Gas & Elec. 
Co., 323 Plum Street, Cincinnati, Ohio 


L. P. Schildneck Lynn, Mass. 
H. R. Sills Peterboro, Ontario, Canada 
A. C. Sugden Mineola, N. Y. 
E. C. Whitney East Pittsburgh, Pa. 
J. Q. Wray Baltimore, Md. 


F.'S. Fehr, Vice-Chairman Reading, Pa. 
R. E. Cordray Philadelphia, Pa. 
L. F. Ferri Elyria, Ohio 
T. R. Halman Detroit, Mich. 
J. E. Lange Pittsburgh, Pa. 
R. A. Larner Fort Worth, Tex. 
SHOr ee Newark, N. J. 

Denver, Colo. 


Induction Machinery Subcommittee 


J. G. Noest, Chairman; 


Consolidated Edison Company, 


4 Irving Place, New York 3, N. Y. 


Newark, N. J. 


See St. Clair Chattanooga, Tenn. 


Committee on Rotating Machinery 
E. I. Pollard, Chairman; Elliott Company, Ridgway, Pa. 


M. L. Schmidt, Vice-Chairman Fort Wayne, Ind. 
R. F. Edwards, Secretary Ridgway, Pa. 
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P. L. Alger Schenectady, N. Y. 
E. C. Barnes Cleveland, Ohio 
J. H. Behm Fort Wayne, Ind. 
E. A. Eastom Boulder, Colo. 
J. F. Heidbreder East Pittsburgh, Pa. 
S. F. Henderson Buffalo, N. Y. 
J. J. Kirkish Milwaukee, Wis. 
C. J. Koch Schenectady, N. Y. 
Yu H. Ku 


Philadelphia, Pa. 


M. F. Leftwich Charlotte, N. C, 
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Washington, D. C. 
Schenectady, N. Y. 


P. L. Alger Schenectady, N. Y. 
J. S. Askey Ridgway, Pa. 
L. J. Berberich East Pittsburgh, Pa. 
O. D. Butler Chicago, Ill. 
A. W. W. Cameron Toronto, Ontario, Canada 
E. B. Curdts Philadelphia, Pa. 
J. F. Dexter Midland, Mich. 
P. A. Emmons Badin, N. C. 
J. L. Fuller Cleveland, Ohio 
W. T. Gordon Lima, Ohio 
P. W. Hernick Minneapolis, Minn. 
G. L. Hill Emeryville, Calif. 
J. W. Jones Philadelphia, Pa. 
M. S. Kirwen Jackson, Mich. 
J. L. Kueblthau Milwaukee, Wis. 
H. C. Marcroft Lancaster, Pa. 
G, L. Moses East Pittsburgh, Pa. 
E. H. Povey Belmont, Mass. 
J. B. Swering Hartford, Conn. 
H. R. Tomlinson Boston, Mass. 
E. H. Tovee Hamilton, Ontario, Canada 
A. 
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Electric Coupling Subcommittee 
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5. Committee on Electric Welding: C. F. Savage, Jr., 
General Electric Company, 40 Federal 
Street, Lynn, Mass. 

6 Carrier Current Liaison: S.C. Bartlett, American 
Gas and Electric Service Corp., 30 Church 
Street, New York 8, N. Y. 

7 Transformer Test Code Subcommittee: F. J. Vogel, 
Transformer Engineering Dept., Allis- 
Chalmers Mfg. Co., Milwaukee 1, Wis. 


VI. Group Subcommittee on Telemeter- 


ing 

E. E. Lynch, Chairman; General Electric Company, 40 
Federal Street, West Lynn, Mass. 

G. M. Thynell, Vice-Chairman Silver Spring, Md. 

J. L. Blackburn, Secretary Newark, N. J. 


A, Subcommittee on Stationary Telemetering Activities 


P. A. Borden, Chairman; The Bristol Company, 
Waterbury 20, Conn. 

J. L. Blackburn 

M. A. Bostwick 

Hezzie Clark 


Newark, N. J. 
Portland, Oreg. 
Houston, Tex. 


W. A. Derr East Pittsburgh, Pa. 
J. A, Doremus Plainville, Conn. 
Cc. K. Duff Toronto, Ontario, Canada 
A. J. Hornfeck Cleveland, Ohio 
M. V. Kiebert Teterboro, N. J. 
R. K. Klumb Los Angeles, Calif. 
G, S. Lunge Schenectady, N. Y. 
E. E. Lynch West Lynn, Mass. 
Cc. A. Mabey Newark, N. J. 
J. L. McKee New York, N. Y. 
W. J. Mayo-Wells Silver Spring, Md. 
J. W. Peckham Los Angeles, Calif. 
W. E. Phillips Philadelphia, Pa 
Paul Taylor Corpus Christi, Tex. 
G. M. Thynell Silver Spring, Md. 
K. L, Wheeler Cleveland, Ohio 


B. Subcommittee on Mobile Telemetering Activities 


W. J. Mayo-Wells, Chairman; Applied Physics 
Laboratory, Johns Hopkins University, 9900 
Georgia Avenue, Silver Spring 18, Md. 

(Personnel same as in A above including P. A. 

Borden) 


C. Joint Subcommittee on Telemetering Terminology 


W. J. Mayo-Wells, Chatrman Silver Spring, Md. 
J. L. Blackburn Newark, N. J. 
P. A. Borden Waterbury, Conn. 
J. F. Brinster Princeton, N. J. 
R. E. Colander Burbank, Calif. 


R. L. Harding Mishawaka, Ind. 
C. H. Hoeppner Newton, Mass. 
M. V. Kiebert Teterboro, N. J. 
F. W. Lehan Pasadena, Calif. 
E. E. Lynch West Lynn, Mass. 
M. G, Pawley Corona, Calif. 
W. E. Phillips Philadelphia, Pa. 
G. M. Thynell Silver Spring, Md. 
F. L. Verwiebe Silver Spring, Md. 
G. F. C. Weedon Toronto, Ontario, Canada 
W. A. Wildhack Washington, D, C. 
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D. Subcommittee on Telemetering Bibliography 


C. A. Mabey, Chairman; Weston Electrical Instru- 
ment Corp., 614 Frelinghuysen Avenue, 
Newark 5, N. J. 


E. Subcommittee on Telemetering Aspects of Recorders and 
Control Instruments 


A. J. Hornfeck, Chairman; Bailey Meter Company, 
1050 Ivanhoe Road, Cleveland 10, Ohio 


Liaison Representatives: 


A. J. Hornfeck —AIEE & ISA Recorder and 
Chart Instrument 

C. K. Duff —AIEE & ISA C42 Group 30 
Definitions 

K, L. Wheeler —AIEE Substations Committee 


M. V. Kiebert, Jr—IRE Professional Group on 
Telemetering and Remote 
Control; IAS Electronics 
Committee 
G. M. Thynell —Telemetering in Sweden 
W. J. Mayo-Wells—Telemetering in Great Britain 
J. L. McKee —AIEE Automatic and Super- 
visory Control Subcommit- 
tee of Substations Commit- 
tee 
—AIEE I & M Committee 
AIEE Carrier Current Com- 
mittee 
—AIEE Nucleonics Committee 
—AIEE Group Subcommittee 
on Navigation Instruments 
—AIEE Group Subcommittee 
on Radiation Instruments 
—ASME Industrial Instruments 
& Regulators 
—Others 


G. S. Lunge 
E, E. Lynch 
Not assigned 
Not assigned 
Not assigned 


Not assigned 


VII. Group Subcommittee on Nucleonic 
and Radiation Instruments 


G. A. Morton, Chairman; R.C.A. Laboratories, Radio 
Corporation of America, Princeton, N. J. 
R. L. Butenhoff Washington, D. C. 


D. L. Collins Cleveland, Ohio 
L. Costrell Washington, D. C. 
R. W. Johnston Washington, D. C. 
M. A. Schultz Pittsburgh, Pa. 
W. W. Schultz Schenectady, N. Y. 
VIII. Group Subcommittee on Naviga- 


tion Instruments 


CG. E. Hastings, Chairman Pro Tem; Hastings Instrument 
Company, Inc., Super Highway and Pine Avenue, 
Hampton, Va. 


A. Subcommittee for Air Navigation Instruments 


Chairman to be selected 


B. Subcommittee for Marine Navigation Instruments 


E. L. White, Chairman; Safety and Special Radio 
Services Bureau, Federal Communications 
Commission, Washington 25, D. C. 


Committee on Magnetic Amplifiers 


E. V. Weir, Chairman; Magnetics Inc., Box 230, Butler, 
Pa. 

W. J. Dornhoefer, Vice-Chairman 

H. W. Lord, Secretary 


Paterson, N. J. 
Schenectady, N. Y. 


A. @: Black, Ir: Butler, Pa. 
L. W. Buechler St. Louis, Mo. 
David Feldman Brooklyn, N. Y. 
W. J. Field St. Paul, Minn. 
L. A. Finzi Pittsburgh, Pa. 
A. S. Fitzgerald San Francisco, Calif. 
W. A. Geyger Silver Spring, Md. 
A. B. Haines Murray Hill, N. J. 
E, L. Harder East Pittsburgh, Pa. 
J. E. Hart Washington, D. C. 
W. C. Johnson Princeton, N. J. 
F. S. Malick Milwaukee, Wis. 
H. M. Ogle Schenectady, N. Y. 
G. W. Penney Pittsburgh, Pa, 
R. A. Ramey East Pittsburgh, Pa, 
P. L. Schmidt Pittsburgh, Pa, 
C. F. Spitzer Syracuse, N. Y. 


R. W. Wolke Schenectady, N. Y 


Applications Subcommittee 


R. W. Moore, Chairman; Westinghouse Electric Corp., 
4455 Genesee St., Buffalo 5, N, Y. 

Jerome Bentkowsky Great Neck, L. I., N. Y. 

A. S. FitzGerald San Francisco, Calif. 

A. B. Haines Murray Hill, N. J. 

W. F. Horton East Pittsburgh, Pa. 
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H. M. Ogle Schenectady, N. Y. 
F. G. Timmel Baltimore, Md. 
E. V. Weir Butler, Pa. 


Definitions Subcommittee 


W. J. Dornhoefer, Chairman; Regulator Equipment 
Corp., 56 California Ave., Paterson 3, N. J. 
David Feldman Paterson, N. J. 


W. J. Field St. Paul, Minn. 
L. A. Finzi Pittsburgh, Pa. 
A. B. Haines Murray Hill, N. J. 
H. W. Lord Schenectady, N. Y. 
F. S. Malick Milwaukee, Wis. 
Philip Siskind Great Neck, L. I., N. Y. 
E. V. Weir Butler, Pa. 


Dielectric Amplifiers Subcommittee 


G. W. Penney, Chairman; Carnegie Institute of Tech., 
Pittsburgh, Pa. 

C. J. Breitwieser 

L. A. Finzi 

C. F. Spitzer 


Indianapolis, Ind. 
Pittsburgh, Pa. 
Syracuse, N. Y. 


Magnetic Amplifier Theory Subcommittee 


W. CG. Johnson, Chairman; Princeton University, School 
of Engineering, Princeton, N. J. 

W. J. Dornhoefer 

David Feldman 


Paterson, N. J. 
Brooklyn, N. Y. 


L. A. Finzi Pittsburgh, Pa. 
A. B. Haines Murray Hill, N. J. 
E. L. Harder East Pittsburgh, Pa. 
H. W. Lord Schenectady, N. Y. 
R. A. Ramey Pittsburgh, Pa. 
E. J. Smith Brooklyn, N. Y. 
H. F. Storm Schenectady, N. Y. 
H. W. Surber Princeton, N. J. 
T. G. Wilson Washington, D. C. 


Principal Groups Subcommittee 


A. O. Black, Jr., Chairman; Magnetics Inc., Butler, Pa. 
L. W. Buechler St. Louis, Mo. 
H. W. Lord Schenectady, N. Y. 
P. L. Schmidt Pittsburgh, Pa. 


Test Codes Subcommittee 


F. S. Malick, Chairman; Westinghouse Electric Corp., 
Air Arm Division, Baltimore, Md. 


L. W. Buechler St. Louis, Mo. 


L. A. Finzi Pittsburgh, Pa. 
H. L. Kellogg Schenectady, N. Y. 
E. V. Weir Butler, Pa. 


Materials Subcommittee 


P. L. Schmidt, Chairman; Westinghouse Electric Corp., 
Materials Engg. Dept., East Pittsburgh, Pa. 


A. O. Black, Jr. Butler, Pa. 
J. R. Conrath St. Louis, Mo. 
E. A. Gaugler Butler, Pa. 
E. A. Harty West Lynn, Mass. 
F. J. Lingel Syracuse, N. Y. 
H. W. Lord Schenectady, N. Y. 
J. E. Mitch Marengo, III. 


W. T. Sackett, Jr. Columbus, Ohio 


Standards Subcommittee 


R. W. Wolke, Chairman; Genera] Electric Company, 
Schenectady, N. Y. 


W. J. Field St. Paul, Minn. 
L. A. Finzi Pittsburgh, Pa. 
J. E. Hart Washington, D. C. 
R. W. Moore Buffalo, N. Y, 
H. M. Ogle Schenectady, N. Y. 


Committee on Metallic Rectifiers 


Glen Ramsey, Chairman; Fansteel Metallurgical Corp., 
Rectifier Diy., North Chicago, III. 

D. E. Trucksess, Vice-Chairman 

E. A. Harty, Secretary 


New York, N. Y. 
West Lynn, Mass. 


O. S. Aikman North Chicago, Il. 
S. J. Angello Pittsburgh, Pa. 
W. F. Bonner Clifton, N. J. 
P. R. Brown Hamilton, Ontario, Canada 
L. W. Burton Lynn, Mass. 
P. G. Cobb Newark, N. J. 
M. E. Gamble Indianapolis, Ind. 
Joseph Gramels New York, N. Y. 
G. E. Hamann Lynn, Mass. 
Cc. W. Hansell Rocky Point, L. I., N. Y. 
L. K. Hedding Pittsburgh, Pa. 
C. C. Herskind Schenectady, N. Y. 
C. K. Hooper Baltimore, Md. 
J. F. O’Donnell Endicott, N. Y. 
I. R. Smith Buffalo, N. Y. 
P. H. Trickey St. Louis, Mo. 
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Subcommittee on Technical Information 

C. E. Hamann, Chairman; General Electric Co., Recti- 
fier Div., 920 Western Ave., Lynn 3, Mass. 

Subcommittee on Miniature Rectifiers 

P. G. Cobb, Chairman; Weston Electrical Instument 
Corp., 614 Frelinghuysen Ave., Newark 5, N. J. 

Subcommittee on Definitions 

D. E. Trucksess, Chairman; Bell Telephone Labs., Inc., 
463 West Street, New York 14, N. Y. 

Subcommittee on Bibliography 

E, A. Harty, Chairman; General Electric Co., Rectifier 
Engg. Div., River Works, West Lynn 3, Mass. 

Subcommittee on Test Code 

I. R. Smith, Chairman; Motor Engg. Dept., Westing- 
house Elec. Corp., Buffalo, N. Y. 

Subcommittee on Patents 

O. S. Aikman, Chairman; Fansteel Metallurgical Corp., 
Rectifier-Capacitor Div., North Chicago, Il. 

Papers and Speakers Subcommittee 


L. W. Burton, Chairman; General Electric Co., River 
Works, 920 Western Ave., Lynn, Mass. 


Committee on Nucleonics 


G. W. Dunlap, Chairman; General Electric Co., Gen’l. 
Engg. Lab., Schenectady, N. Y. 

W. E. Barbour, Jr., Vice-Chairman 

H. W. Bibber, Secretary 

H. W. Brackney 


Boston, Mass. 
Schenectady, N. Y. 
Silver Spring, Md. 


W. A. Brecht Pittsburgh, Pa. 
D. W. Cardwell Oak Ridge, Tenn. 
J. OR. Coleman Boston, Mass. 
W. J. Dowis Richland, Wash. 
P. A. Duffy Baltimore, Md. 
H. E. Gove St. Louis, Mo. 
T. S. Gray Cambridge, Mass. 
J. G. Hutton Schenectady, N. Y. 
W. M. Kiefer Chicago, Ii. 
T. R. Kohler Irvington-on- -Hudson, N. Y. 
Lester Kornblith, Jr. Chicago, Til. 
R. G. Lorraine Schenectady, N. Y. 
E. E. Lynch West Lynn, Mass. 
L. C. Marshall Indianapolis, Ind. 
G, A. Morton Princeton, N. J. 
M. S. Oldacre Chicago, II. 
J. K. Pickard Washington, D. C. 
Walther Richter Milwaukee, Wis. 
P. N. Ross Pittsburgh, Pa. 
W. E. Shoupp Pittsburgh, Pa. 
E. R. Thomas New York, N. Y. 
Abe Tilles San Francisco, Calif. 
J. G. Trump Cambridge, Mass. 
J. F. Ward Tacoma, Wash. 
R. E. Watson Philadelphia, Pa. 
R. L. Witzke McKeesport, Pa. 


Subcommittees & Personnel not now available. 


Joint Subcommittees 


Joint Subcommittee on Applications of 
Probability Methods to Power System 
Problems (Joint with Power. Generation 
and System Engineering Committees) 


G. Calabrese, Chairman; Electrical Engineering Dept., 
New York University, University Heights, New 


York/53; N.Y. 
G. W. Bills Portland, Oreg. 
W. R. Blakely Toronto, Ontario, Canada 
V. M. Cook New York, N. Y. 
E. D. Early Birmingham, Ala. 
R. N. Fitch New York, N. Y. 
R. G. Hooke Newark, N. J. 


L. K. Kirchmayer 
F. J. Leerburger 
H. A. Lott 

W. J. Lyman 

C. W. Minard 
Bela Mohr 

H. B, Smith 

H. T. Strandrud 
V. A. Thiemann 
C. W. Watchorn 


Schenectady, N. Y. 
New York, N. Y. 
Los Angeles, Calif. 
Pittsburgh, Pa. 
Omaha, Nebr. 


Oklahoma City, Okla. 


Buffalo, N. Y. 
Portland, Oreg. 
New York, N. Y. 
Baltimore, Md. 
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mittee 


F. R. Terrant, Chairman; The Reliance Electric & Engi 
neering Company, 1068 Ivanhoe Road, Clevelane 


‘ 


10, Ohio : 
W. H. Austry St. Marys, Paal 
R. J. Blais New York, N. Yi] 
Hayes Crapo Lima, Ohiag 
E. P. Eaton Boonton, N. J j 
E. F. Hansen West Lynn, Mass§ 
C. B. Hathaway Buffalo, N. YJ) 
L. A. Heath Long Island. City, N. Y/ 
B. C. Henry Ironton, Ohiag 
W. R. Goss Fort Wayne, IndJ 
V. P. Hessler Urbana, Il. 
H. T. Hulbert St. Marys, Pa 
I. M. Levy Datyon, Ohiag 
L. Lugosch Johnsville, Pa. 
I. H. Manfredo New York, N. Y. 
M. S. May St. Marys, Pa. 
H. F. Mitchel Saginaw, Mich 
Dimiter Ramadanoff Cleveland, Ohiag 
O. C. Rutledge Schenectady, N. Y. 
S. D. Summers Washington, D. CJ} 
H. R. Tragesser Cleveland, Ohiag 
A. L. Van Emden Washington, D. Ce 
W. W. Walker 


Yonkers, N. Ys 


AIEE-ASME Joint Subcommittee on Rec 
ommended Specifications for the Speed 
Governing of Prime Movers 


M. J. Steinberg (AIEE), Chairman; Consolidated Ediso: 
Company of New York, Inc., 4 Irving Place, New 
York’3,.N.Y- 

W. C. Astley (ASME) Philadelphia, Pa. 

Cc. L. Avery (ASME) Rockford, Tl. 

R. Cramer, Jr. (ASME) Milwaukee, Wis. 

S. B. Griscom (ATEE) East Pittsburgh, Pa. 

A. P. Hayward (AIEE) Pittsburgh, Pa. 


W. B. Hess (ASME) Conestoga, Pa 
C. E. Kenney (ASME) Milwaukee, Wis. 
A. E. Marshall (AIEE) Detroit, Mich 
J. B. McClure (AIEE) Schenectady, N. YZ 
G. M. McDaniel (AIEE) New York, N. Y 
Raymond Sheppard (ASME) Schenectady, N. YJ 
J. C. Spahr (ASME) Philadelphia, Pa 
P. M. Stivender (AITEE) Cleveland, Ohiad 


AIEE Representatives 


APPOINTED BY THE BOARD OF DIRECTORS$§ 


Alfred Noble Prize Committee, ASCE 
E. W. Boehne Cambridge, Massz 


American Association for the Advancement of Science, 
Council 

J. W. Barker 

I. Melville Stein 


New York, N. YJ 
Philadelphia, Pa 


American Standards Association, Standards Council 


Charles Rufus Harte New Haven, Conn 


J. R. North Jackson, Mich» 
E. B. Paxton Schenectady, N. Y-) 
Alternates 

R. C. Bergvall Pittsburgh, Pas 
F. E. Harrell Cleveland, Ohiax 
A. C. Muir Philadelphia, Pa. 


American Year Book, Advisory Board : 
H. H. Henline New York, N. Y_ 


Conference of Representatives From Engineering; 
Societies of Western Europe and USA 


Elgin B. Robertson Dallas, Tex- 
H. H. Henline New York, N. Y/ 


Construction Industry Advisory Council 
H. H. Henline New York, N. ba 


Engineering Foundation Board 


J. W. Barker 
C. G. Suits 


New York, N. Y! 
Schenectady, N. Y_ 


Engineering Societies Monographs Committee 


W. F. Davidson New York, N. Y. 
N. S. Hibshman New York, N. Y. 


Engineers’ Council for Professional Development 


R. H. Barclay New York, N. Y.) 
D. D. Ewing Lafayette, Ind. 
M. D. Hooven 


Newark, N. J_ 


| 


ELECTRICAL ENGINEERING 


ees. S. Coover 


: F. O. McMillan 


ineers’ Council for Professional Development 
Student Development Committee 


Walter J. Seeley 
Engineers Joint Council 
Walter J. Barrett 


Durhan, N. C. 


Newark, N. J. 
New York, N. Y. 
Chicago, Ill. 
New York, N. Y. 


F. R. Benedict 


Pittsburgh, Pa. 

New York, N. Y. 

Newark, N. J. 
Hastings-on-Hudson, N. Y. 


N.S. Hibshman 
M. D. Hooven 
LL. F. Hickernell 


General Electric Educational Fund Fellowship Com- 
mittee 


| Jobn L. Callahan New York, N. Y. 


| Hertz Award Committee 
Ames, Iowa 


“Hoover Medal Board of Award 


D. D. Ewing Lafayette, Ind. 
T. G. LeClair Chicago, Ill. 
D. GC. Prince Schenectady, N. Y. 
John Fritz Medal Board of Award 
| J. F. Fairman New York, N. Y. 
T. G. LeClair Chicago, Ill. 


Corvallis, Oreg. 


D. A. Quarles Albuquerque, N. Mex. 


Joint AIEE-IRE Co-ordination Committee 


W. J. Barrett Newark, N. J. 
iH. H. Henline New York, N. Y. 
Elgin B. Robertson, ex off. Dallas, Tex. 


Worcester, Mass. 


Victor Siegfried 


Library Board, United Engineering Trustees, Inc. 


N. S. Hibshman New York, N. Y. 
W. G. Vieth New York, N. Y. 


Chairman 


(Vice-President, AIEE) 


Marston Medal Board of Award 


Harry B. Gear Chicago, Ill. 


National Association of Corrosion Engineers, Inter- 
Society Committee on Corrosion 


Ray M. Wainwright, Senior Delegate 
Hugo W. Wahlquist 


Urbana, Il. 
New York, N. Y. 


National Bureau of Engineering Registration, 
Advisory Board 


R. G, Warner New Haven, Conn. 


National Electronics Conference, Board of Directors 
J. D. Ryder Urbana. Il. 


National Engineering Advisory Committee 


A. H. Kehoe New York, N. Y. 


National Fire Waste Council 


Hendley Blackmon 
Cc. E. Ganther 


East Pittsburgh, Pa. 
Cleveland, Ohio 


National Research Council, Division of Engineering 
and Industrial Research 


J. A. Hutcheson East Pittsburgh, Pa. 


Quarterly of Applied Mathematics 


M. G. Malti Ithaca, N. Y. 
United Engineering Trustees, Inc. 

W. J. Barrett Newark, N. J. 
A. G. Ochler New York, N. Y. 
D. A. Quarles Albuquerque, N. Mex. 


U. S. National Committee of the International 
Commission on Illumination 


R. L, Oetting Cleveland, Ohio 
R. C. Putnam Cleveland, Ohio 
E. H. Salter New York, N. Y. 


Secretary 
(District Secretary) 


2 Middle Eastern, -..W. B. Morton, Pennsylvania Power & Light Co., ; 
Ninth & Hamilton Sts., Allentown, Pa, Co., 901 Hamilton St., Allentown, Pa. 
3 New York City....M. D. Hooven, Public Service 
z Co., 80 Park Place, Newark 1, N. J. N. Y., Inc., 4 Irving Place, New York 3, N. Y. 
4 -Southern.........-G. Pp. Almon, Jr., Tennessee Valley Authority, 
707 Power Bldg., Chattanooga, Tenn. 

Lakes.....-- W. L. Cassell, Iowa State College, Ames, Iowa 

aimee Co., 30 West Superior St., Duluth 2, Minn. 
tr alpsiit A. S, Anderson, General Electric Co., Box Oa 

a Denver, Colo. lic Service Co. of Colo., Denver, Colo. 
7 South West....-.--C. M. Lytle, Kansas City Power & Light Co., 


Box 679, Kansas City 10, Mo. 
_....G. G. Tenney, Editor, Electrical West, 68 Post... _W. L. Carter, Pacific Tel. & Tel. Co., 140 New.... 


Sidney Street, Cambridge, Mass. 


Kansas City, Mo. 


Washington Award Commission 


J. F. Calvert Evanston, Ill. 

D. D. Ewing Lafayette, Ind. 

World Power Conference, United States National 
Committee 

T. G. LeClair Chicago, Ill. 


APPOINTED BY STANDARDS COMMITTEE 


Electrical Standards Board of ASA and U. S. 
National Committee of the International 
Electrotechnical Commission 


F. E. Harrell Cleveland, Ohio 
E, B. Paxton Schenectady, N. Y- 
J. J. Pilliod New York, N. Y- 
Alternates 

R, S. Burnap Harrison,N. J. 
R. D. deKay New York, N. Y. 
I. W. Gross New York, N. Y. 


Division Assignment 
Communication and Electronics Division 


R. S. Burnap Harrison, N. J. 
R. D. deKay New York, N. Y. 
J. J. Pilliod New York, N. Y. 
Power Division 

I. W. Gross New York, N. Y. 
F. E. Harrell Cleveland, Ohio 
E. B, Paxton Schenectady, N. Y. 


Industry Committee on Interior Wiring Design 


M. M. Brandon New York, N. Y- 
L. C. Peterman New York, N. Y. 


Joint Committee for Development of Statistical 


Applications in Engineering and Manufacturing 
W. P. Dobson Toronto, Ontario, Canada 
National Fire Protection Association, Electrical Section 


Robin Beach Brooklyn, N. Y. 
W. B. Kouwenhoven Baltimore, Md. 


Geographical District Executive Committees 


Chairman, District Committee 
on Student Activities 


_...G. J, Crowdes, Simplex Wire & Cable Co., 66.... 


_...L. L. Nonemaker, Pennsylvania Power & Light....E. R. Welch, Howard University, Washington, 


D. Cc. 


Electric & Gas....J. P. Neubauer, Consolidated Edison Co. of,...W. A. LaPierre, Columbia University, New 


York 27, N. Y. 


_...1T,. H. Mawson, Box 2641, Birmingham 2, Ala.....W. D. Stevenson, Jr., North Carolina State Col- 


lege, Raleigh, N. C. 


_...Hubbell Carpenter, Minnesota Power & Light....E. T. B. Gross, Illinois Institute of Technology, 


Chicago, Ill. 


J. E. Martin, Electrical Engineering Dept., Pub-....Arlie E. Paige, University of Denver, Denver, 


Colo. 


_...R. M. Goar, Black & Veatch, 4706 Broadway,....J. W. Rittenhouse, Missouri School of Mines, 


Rolla, Mo. 


ae St., San Francisco, Calif. Montgomery Street, San Francisco 5, Calif. 
9 North West....--- Thomas Ingledow, B. C. Electric Co., Ltd., 425....H. O. Bulmer, B. C. Elettric Co. lotta GPs cee 
Carrall St., Vancouver, B. C., Canada Carrall St., Vancouver, B. C., Canada 
10 Canada.....---+-- G. D. Floyd, Hydro-Electric Power Comm, of....W. H. Prevey, Canadian General Electric Co.,.... 


Ont., 620 University Ave., Toronto, Ont., 


Canada 


Canada 


Ltd., 212 King Street, West, Toronto 1, Ont., 


Nore: Each District executive committee includes also the r : er 0 
f the Sections Committee who is resident in the District. 


ship Committee, and a member 0 
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chairman and one other officer of each Section within the District, the District vice-chairman of the AIEE Member- 
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Secretary’s Address 


Adirondack (Schenectady Section)................... A. F. Nickerson......... P. E.. Hendrickson......... General Electric Co., Hudson Falls, N. ive mnt 

Atlantic an Division Eee Section); aencn. Wo Es Caven.. sci sini B.S. Garwood, «2 -:: aje2 0 Atlantic City Electric Co., 1600 bey Ave., Atlantic City, N. . 

Baton Rouge (New Orleans Section)..... aaliotetarcteistereers R. B. Holloway.......... WaSsSyretts.s eee 1366 Stephens Ave., Baton Rouge 15, La. 

Billings (Montana Section)........ s)bSuciKovd slnane fete rete L. R. Schumacher....... W.S., Wheelerwe.as sa to 1404 Avenue C, Billings, Mont. aes ers 

Binghamton Area (Ithaca Section)................. aCe dRatChietys cantatas A. O Kenyon... 5 .c..065 NYS Electric & Gas Co., 62 Henry St., ing! ce ae 

Black Hills (Denver Section)..............0.c+es-+0; AOR. Colgamers... e.cn TOW Coxsasen Sen nti ees South Dakota School of M & T, Rapid City, S. Dak. 

‘Boise \(Wtah; Section) |; sess... « aieroign cers eile ne. done aces RoE. Alworthss.gecciee Del L. Andrews........... 2520 Jefferson St., Boise, Idaho 

Boulder City (Los Angeles Section).................. FGiiScussel teat tetris G.L. Barneby...5......... 809 Seventh St., Boulder City, Nev. 

Casper, Wyo. (Denver Section)..................... 

Ca Texes ats lexas section) sees aren JOVEGibsonVaneceee css Rie ej SAY GON reise ie-seieke ier ee ae Trans. Elec. Co-op., Inc., 2402-12 La Salle Ave. 

aco, Tex. 

Centre County (Pittsburgh Section).................. D.S. Pearson........... LL 2A Doggetts. uae aoe 357 East Prospect Ave., State College, Pa. 

Charleston (South Carolina Section)................. W.. (GG. Parrott: Irs. 0... E. B. Woodward.,.......... 1007 Montague Ave., North Charleston, S, C. 

Charlotte (North Carolina Section).................. b> Cowan nesta: eerie: TeiS g Wallis Sister -riler tere fale Westinghouse Electric Corp., 210 E. 6th St., Charlotte, N. C. 

Columbia (South Carolina Section).................. H, G, Eidson..........0- A, Jy Perrone) Jr... 55-206 South Carolina Elec. and Gas Co., Columbia, S. C. 

Eastern North Carolina (North Carolina Section)...... C. R. Webster........... Ad ill a eeeeseh ser P. O. Box 2384, Raleigh, N. C. 

Eastern Shore (Maryland Section)................... E, S) Mortumer,.....53,. RG: Pearsong.n acces E. I, Du Pont de Nemours & Co., Inc., Seaford, Del. 

Fort Worth (North Texas Section)................. py We Guleeeeenatea at B. Be Hulsey, Iriicc.s- sh ee Texas Electric Service Co., P. O. 970, Fort Worth 1, Tex, : 

Fox River Valley (Milwaukee Section)............... EB. La Sheariens,2- a. asic WaiB:rWigtonss src cier ser Giddings & Lewis Machine Tool Company, Fond du Lac, Wis. 

Freeport (Flouston Section) .....0...+..-s+eqecesu seh BVS)Glazaynrn come ee Wi Au Niell ay Acs ataciien tease 201 Acacia St., Lake Jackson, Tex. : 

Fresno (San Francisco Section)..............-..-+0 DG: Hartman... 4 DaWelGraham ee cress ee Robinson Electric Company, 2003 Thorne, Fresno, Calif, 

Great Falls (Montana Section)..................-... | 

Greenville (South Carolina Section)................. G. Arthur Black:........ Grover C. Gaskin.......... 8 Frontus St., Greenville, S. C. 

Hampton Roads (Virginia Section).................. Gi Wis, Wiest tearaeni err OPI Streeversacii ee oer 127 James River Drive, Hilton Village, Va. | 

Honolulu (San Francisco Section)................... Jer Aca yates en ates Richard Hartshorne, Jr... ..5250 Oio Drive, Honolulu 16, T. H. . | 

Hudson Valley Division (New York Section).......... A. D. Fellenzer, Jr....... Wa RoiPetexs) netomat Central Hudson Gas & Elec. Corp., South Road, Poughkeepsie, . 
INEYe H 

Huntsville (East Tennessee Section)................. G. C, Dannals, Jr........ Re Ly Smith yr eens 1606 Pratt Ave., Huntsville, Ala. 

Johnstown (Pittsburgh Section)..................... JCS Pryce Str ees eee. oe GS Maléck rycen. General Electric Co., 841 Oak St., Johnstown, Pa. 

Lake Charles (Beaumont Section)................... Eshea Sera earcetee eke Emile Matherne........... Gulf States Utilities, 314 Broad St., Lake Charles, La. 

Lexington (Louisville Section)...................... Cc. R, Smith } 

iuuma\(Dayton Section)\.+ skeet eee i. R. H. Herman.......... Jee elem ate crenaiva stack Westinghouse Electric Corporation, Wapak Road, Lima, Ohio 

Mid-State (North Carolina Section)................. S. M. Sprowl, Jr......... HA yAllenionnk. ceeetiote Southern Bell Tel. & Tel. Co., 124 South Eugene St., Greensboro, 
N. GC. 

Monroe (Shreveport Section). ........s.r.es+arceves H. B, Balfour, Jr........ aD ie Bivins eos emaee 3704 Cypress St., West Monroe, La. 

Muscle Shoals (East Tennessee Section).............. 

New Hampshire (Boston Section)................+... GiE. Austin’ -cr cieee cts’. REEA Nichols cemmreer eer Public Service Co. of N, H., 1087 Elm St., Manchester, N. H. 

New Jersey Division (New York Section)............ +48. H, Shimp enc. .a+. >.< Hoh erbigncee eet Federal Telecommunication Laboratories, Inc., 500 Washington » 
Ave., Nutley, N. J. 

Northwest Arkansas (Arkansas Section).............. Marvin Murphy......... S2@sSmith envoy Southwestern Gas & Elec. Co., Fayetteville, Ark. 

Paducah (Louisville Section)...............0..20ce00 Ro Se Croy: versace cee Rode homase-« ss. ohceae 2230 Monroe St., Paducah, Ky. 

Piedmont (South Carolina Section).................. TG. Mann joyce ccc OPB ones 740. see 101 Melville Ave., Greenville, S. C. 

Quad-Cities (Iowa Section)..............0.00+20- pre Gin Le lender eee C.B. Stoughton. = ......... Aluminum Co. of America, Box 750, Davenport, Iowa 

Racine-Kenosha (Milwaukee Section)................ R. Hy Garretts... .....5 Re Cs Bolles. 0. eee Route 1, Box 62-B, Sturtevant, Wis. 

Red River Valley Division (Minnesota Section).......J. S. Love.............. GuWaRandalle een ere Box 43, Baker, Minn. 

Richmond (Virginia Section)..................... Js AnRatchie. cree eee OV AY Palmers. 5- ees 2903 Kenwood Avenue, Richmond, Va. 

St. Lawrence International (Syracuse Section)........ Cr TN Baconeen ance eer J5-AS Gurnhamiaec. een Cornwall St. Ry. Lt. & Pr. Co. Ltd., 16 Second St., East, Corn- 
wall, Ont. 

St. Maurice Valley (Montreal Section)............... HP; Mongrain).., .. 2. AS PiPiarle sr. ee ie The Shawinigan Water & Power Co., P. O. Box 125, Trois- 
Rivieres, Que. 

San Jose (San Francisco Section).................... PE Miller eceerermac BGs Gloversscue eee e nent 233 North Claremont Ave., San Jose 27, Calif, 

Savannah (Georgia Section)........-...:0-...-.00es e-KWalsherecennne tents: €5O) Durant’ ssa. cee U. S. Corps of Engineers, Savannah, Ga. 

Shasta Division (San Francisco Section).............. WiM2 Reedwiaoni tase GoD. Atkinson: 2. 3... 5560 c/o U. S. B. R.—Shasta Dam, Redding, Calif. 

macomamseattle Section) . .....2 os ceeccenccaccccus Be BeMartin sere BGs West scaucte safe tates Pacific Oerlikon Co., P. O. 1133, Tacoma 1, Wash. 

Tullahoma (East Tennessee Section)................. Gye LaCooki.. sees BoD SP hillipsh oer Route #1, Tullahoma, Tenn. 

Vancouver Island (Vancouver Section)............... L.A, Patterson... . J. Oxendale...............B. C. Electric Rly. Co., Victoria, B. C. 

Wenatchee (Spokane Section).........<..0-+.+.ees- W. E. Mathews.......... RV Wachtersa.. eee Aluminum Company of America, Wenatchee, Wash, 

West Central Texas Division (North Texas Section),...C. A. Glover............ JVAL Hutchisona a eases Box 841, Abilene, Tex. 

West Michigan (Michigan Section).................. LA. Zahorskyn.. 202s Charles C. Day............ Consumers Power Co., 129 Pearl St., N. W. 2, Grand Rapids, 
Mich, 

Youngstown (Sharon Section)....................-0. 

Zanesville (Columbus Section)...................... J. Charles Joublanc...... Daniel Blumenthal......... Line Material Co., Zanesville, Ohio 

lotaliSnbsections.)..cases aciels «oc 55 
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: | Sections 


4 When 
¢- Name District Organized Chairman Secretary Secretary’s Address 
Akron. sete eee Sonatas Drs AUST A) 20 cy. snr Elussece sete Al'aol Chl BY lee ampere tere ener 604 Ardleigh Drive, Akron 3, Ohio 
PME QINA si.0 5 5 <i eja w wielh cre 4....May 22, °29. Tee CiGentle dren. G. B. Gampbell.....-- Southern Services, Inc., Birmingham, Ala. 
REREONG Hy. ae oe. Jee 85. .Mar.22,°41, 2. JS. VoBletcher.. oc. | Rate dan Bley ort sen P. O Box 6144, Phoenix, Ariz. 
Arkansas Ajeet s cero 7....Apr. 23,°47....W A. Bost...........D. A. Schmand........U.S. Engineers, 300 Broadway, Little Rock, Ark. td 
rowhead.......6+.6++- ee ADI ASy Adi stgs bla Gla Sargent tases Wi Mia Sowiek’ srsies.-10 oer. Oliver Iron Mining Co., Duluth, Minn. 
CYS) A Oe eo daanedune 27,245... ogee W. Sherwood...... Hi. Jaoutone sant. oe Gulf States Utilities Co., 362 Liberty Ave., Beaumont, Tex. 
BEREOD Ry stac.c oe oe ite Vi acnbeb. 13;°03 4... Wi Bs Pottersen<-..5 954 LD wester Jnr... ceria General Electric Company, 140 Federal St., Boston 1, Mass. 
Santon..... were e sees Zone INOV.S 55°47 an ceG. J. Muckleyscen). nce RaeBly tien on .c ne The Hoover Company, North Canton, Ohio" 
Central Illinois ce aCe Dire DUNC ECO lem emCr ea oChultz a eeuere George Sangster....... Sangamo Electric Company, Springfield, Ill. 
Central Indiana... <2... 5....Jan., 12,°12....G. R. Guthrie........L. H. Wollenweber.. .. Eli Lilly Co., 1202 Kentucky Ave., Indianapolis, Ind. 
BCA GO io. cars ofan Pei araia os DSSe 1893 waRaWs JONES gf 0yo ae aie H. R. Heckendorn..... Western Electric Co., Inc., Hawthorne Station, Chicago 23, Ill. 
Cincinnati...... Se oben PA sep odhiheteUSS MANES mad edeh (Oxia as aa aaa a8 H. S. Progler.......... Westinghouse Electric Corp., 207 West Third St., Cincinnati 2, Ohio 
Cleveland Pek Pe ae Der DODt 2g) ON eed As Gortellig.. eis eka Crp BCr Genny: ale er General Electric Co., 4966 Woodland Ave., Cleveland, Ohio 
Columbus. Reiter atotere 3 Dineen Make Ligon Beck Nic Cay)... GW. Holton... 2....5. 609 East Dominion Blvd., Columbus 14, Ohio 
} ..Apr. 16, ’21....Theodore Braaten....M.B. Sprague........ The Southern New England Tel. Co., 227 Church St., New Haven 6, Conn. 
Pe OCE aD CON rap hn DICKGY seta aren: ODAS Boyer. Central Power & Light Co., Corpus Christi, Tex. 
7 Une D543 .r DD. @olker..).c6e o Re EdNeals anc ccoetas Dayton Power & Light Co., 25 North Main St., Dayton, Ohio 
pune! Ayr oe. Re Bi SCdGON. cio cea F. A. Anderson,....... E. I. Du Pont de Nemours & Co., Wilmington 98, Del. 
me Mayu 1Si 1 Sree kt be Gidlund copicc tA. Bey Palen Martie: University of Denver, Dept. of Elec. Engg., Denver, Colo. 
SeSCPUs 25) DOr ae) Wie URODEDtS soe. Bec de WEUNSOR chim ces Tennessee Valley Authority, 311 Power Bldg., Chattanooga, Tenn. 
BEAT eeiG CAO Rie ap ARs La GRIGRC le ote calec, epeiere IN] Ge Peyton. ecien El Paso Electric Co., El Paso, Tex. 
padan, 215/718... Richard Lamborn)... 0. J. Warrick. ........- General Electric Co., Erie, Pa. 
PeAUgy 14008), .cF Medan Miller, si2 5.4 De Rs Wartzokanie cncces 4319 S. Anthony, Fort Wayne, Ind. 
yevan: 14,°045)  W..H. eickey; Irn ec. te OF. < 7 AAD o onal General Electric Co., Red Rock Bldg., Atlanta, Ga. 
eye ays 95253) oc ellas Gre StOPPS cre cre cie ce: TBs soy ONS stars neice. Canadian Westinghouse Co. Ltd., Hamilton, Ont. 
SINUS se TAGs ae ky Ne HANGIN rete rere ions Harold Kongabel...... Westinghouse Electric Corp., Petroleum Bldg., Houston, Tex. 
.. June 30, ’45....E. B. Oberlander..... Ue Ranney ewes a 105 Wilson Drive, Peoria, Ill. 
s-dune 29, 29%. Ea) GD Oerrie) rasa W. G. Kaldenberg..... Iowa Power & Light Co., 823 Walnut St., Des Moines, Iowa 
seO@et. U5, 202). cs Wakks JONES) ore cise ake (ellscn, PEPSODLUS syeres)<receiire New York State Elec. & Gas Corp., Lake & Water Sts., Elmira, N. Y. 
PUAN AO Oise ceil Pe SUITING es cfejsp= chee W. T. Sams...........Westinghouse Electric Corp., 545 E. 4th St., Jacksonville, Fla. 
BIRAMPOULY Foe cie ss 222 ti Toes Apr. 14,716. 3. as) GE Bibbsiyciercer oat O. A. Starcke......... Kansas City Power & Light Co., 1330 Baltimore Ave., Kansas City 10, Mo. 
high Valley.......... eee ANDi Lone ot ee Oe ae, DIAC eae: W. G. Seymour........ Pennsylvania Power & Light Co., 117 East Broad St., Hazleton, Pa. 
fos Angeles............ OF May, 193208 GAs Wells. ct... W. S. Peterson. ....... Box 3669, Terminal Annex, Los Angeles 54, Calif. 
LCG TESS os cee eee eae 4-7. -2Oct. 15,2267... .J.,.. Warren’... 2: DW Walcott. rcicccas- oe Southern Bell Tel. & Tel. Co., P. O. Box 538, Louisville, Ky. 
_ NE OA a 5 Gocienemeics Mee CAND con ade SB RR ONT rcs neces 
Mansi Seach cere ne Diana. eS, (092 eo IN- a OCHMitZ ower ae R. R. Caldwell... ...... University of Wisconsin, New Engineering Bldg., Madison 6, Wis. 
ansfield...........:.. 2X. Mar. 9164739 see. We be Blashfield i... Ga J. Andrews 5... 22.2.) North Electric Mfg. Co., Galion, Ohio 

EVIANG Mae Seams <0 2. Seber. 165:°042 Ee W Watchorn....-.. W. B;-Mann,..........5. The Wolfe & Mann Mfg. Co., 28th and Sisson Sts., Baltimore 11, Md. 

BIOPHIS. . 2. ee ess 4....May 22, °30 We Gy Jordan, Jrs.2. John Thrithart........ General Electric Co., 8 North 3rd St., Memphis, Tenn. 

Mexico S65, ce eee Tee, JUNE 295225, > bis My DY? Meza... Ja Orde Rosag.e cn. Calle de Palma 33, Despacho 210, Mexico 1, D. F., Mexico 

jiami.. 4....Feb. 3,49 R: L. Poor or 

BRWARe . otal! 50 ee Seeman. do. etl H. E. Crampton...... De dGareyir «spite eri Dept. of Elec. Engg., University of Michigan, Ann Arbor, Mich, 

alwaukee....0....--+- Dee bee 11,210 PoC Brent. eae oe ING @Storck cae nce. Wisconsin Electric Power, 231 W. Michigan St., Milwaukee 3, Wis. 

BaNesOtai. .- .. ee one Din ADINGe/) HOA emmy Willeyors seas: Toe Rudolt, Irian sans Minneapolis-Honeywell Reg. Co., 2600 Ridgway Road, Minneapolis 13, Minn. 

ESSIBSIPP so eiole's 2-455. 4....Jume 28, °51....J. L. Maxwell........R.D. Yarbrough...... Southern Bell Tel. & Tel. Co., P. O. Box 811, Jackson, Miss. 

obile-Pensacola....... eR | gee) at a A (Pe 9 0 a CSP Weiss dace) ces nse Southern Bell Tel. & Tel. Co., 100 N. Franklin St., Mobile, Ala. 

BREATIA Se) onclola\ ota y0 cin = 9->..June 24; °31.....R. GC, Setterstrom'... ~- RS JA are re ors: 5) nce = Montana Power Co., 40 E. Broadway, Butte, Mont. 
IMontreal..........:--- LO pA Dies 059-45 cape ROVtate a wie <lepsiete o-= BY Sato” Ani piston cree The Shawinigan Water & Power Co., 600 Dorchester St. W., Montreal, Que. 
MBBHVINC So cities mst: = 4°25 dune, 205-50, Ay MeNuttsme.<5 a. R. B. Sanderford. .....Tennessee Valley Authority, 717 Church St., Nashville 3, Tenn. 

LESORS Dc cat-d ates fs p s'= 5 6....0an. 21; °25 Avis Jobnson. 2.00 Od. Brand). 23.5 sass Nebraska Public Power System, Box 728, Bellevue, Nebr. 

‘ew Orleaps..........- Ae rat LCC MOeb leit ale Comey Als. cis cexcetatene DBs Viet. ttatsen Tulane University, New Orleans, La. 

Bee Y OF. oi cits gs sae 3 Dec. 105719 4, se ane i spite ean R. T. Weil............Manhattan College, New York 63, N. Y. 
Niagara Frontier.......- WOE at 0) on Uy A IO BA ee Aare R. A. Beuerman....... E. I. du Pont de Nemours & Co., Film Research Sect.,P. O. Sta. B, Buffalo 7, N.Y. 
Niagara International...10....Aug. 5,’48....P. W. Shill.......... We Di Browawe ws. 2 1657 Prince Edward Ave., Niagara Falls, Ont. 
North Carolina........- A Jee MiaT ele Ue rave ay Ia WAN o\ais wine laine. Ad SE ee eles feces General Electric Co., Box 2507, Raleigh, N. C. 
Northeastern Michigan.. 5....Feb. 2,°50....G. W. Miller.........W. F. Schultz......... 625—7th Ave., Owosso, Mich. 
Northern New Mexico... 7....Jam. 25, ’51....E.H. Craven........ FL SiNNOtt....: ccc 0 Sandia Corporation, Sandia Base, Albuquerque, N. Mex. 
North Texas.........-- Fons. May. 08228) oC) JF. Crandell-fy. 5.5.6. Ss NED. «6.0.4 +. Elgin B. Robertson, Inc., 1339 Plowman St., Dallas 3, Tex. 
Oak Ridge.....4..----+ 4....Feb. 1950 
Ohio Valley. Set cae eM 28, 251 ate EA, Gia WWAMECY <:evertelacacts Cariiattarae.cc + cyeveins 22-24 Adams Avenue, Huntington, W. Va. 
Oklahoma City.......-- nares HOD. WhO Adin en kara e gps os Serna 1 ig Bs CCT anes orice Southwestern Bell Noe a Oklahoma City, Okla 
MPEEAW Aire niciels ps 0s tle 36s 10....June 23, ’49 G. H. Dawson........R.H. McCabe........ 286 Bayswater Ave., Ottawa, Ont. 
Panhandle Plains......- Toeeedune, 120087) ce Po Sn Sterrettvias clei ke dei SUMUtE G's. cree - New Mexico Elec. Serv. Corp., Hobbs, N. Mex. : 
Philadelphia........--- 2a. ebeb: 18,205. .2We dk. Denkhaus. . a. efacherle®.. dx.ces United Engineers & Construction Inc., 1401 Arch St., Philadelphia 2, Pa. 
Bret burgh «2 eres +e Dem sOct 13,2025 eB Raweate, Ilene Be Si Reeser se esa 551 General Electric Company, 2116 Oliver Bldg., Pittsburgh 22, Pa. 
Mrttshield.....4 2 -+- ++ die Mar, 25,;°04 ~.,. Batt. Judkins.~. 1. -.- Wawa Greene wre... 2 General Electric Company, 100 Woodlawn Avenue, Pittsfield, Mass. 
METCE IAN eisai oe = an x sgsieis 5 Se May 28.009). oe Da Ae ReChell S.c:-,c010 at. DME Heya. deincar 5 U. S. Corps of Engineers, Pittock Block, Portland, Oreg. 
Beenrcerites ance le... Mar, 12,°205. 27, A. Baltzell. 22... _C. B. Leathers.........General Electric Company, 111 Westminster St., Providence, R. I. 
MRMETILANICL spe. oe)~ wren oye ie = 9.05. Apr. 23,748)... EB. 2) eeabody,...-....B. J. Barretts 0). ...2. General Electric Company, Hanford Works, Richland, Wash. 
Ridgway.. _-..... 2....June 26, °52,...W. P. Van Vranken. ..C, E. Sassman.........c/o West Penn Power Company, Ridgway, Pa, 
Ma chester.. le Cte en Uae non Col Starla eofeanisinne |x OSRULE aie ols «2 General Railway Signal Co , Rochester, N. Y. 
Rock River Valley. oS he 5....Apr. 23, °47....J: H. Petersen........ ER ALOWEN aca cele 6 201 Third St., Rockford, Il. } . 
Sacramento~........-.: So June D5 oO, een Ve WAC MCR (5 ic crim ae Bi aCaLOAL edie, asris ca ste Water Resources Div., State of Calif., Public Works Bldg., Sacramento, Calif. 
GeiLouisin;....-.----. 7...«.Jan. 14,’03....R.,W. Schoetker......V. B. Wilfley......... . Westinghouse Oe aa pas 7th Street, St. Louis 1, Mo. 
ae OR ane 8... .dan. 18230 1. kuotcDougal, ...... E. F; Rotnik:......... Route 1, Box 652 ajon, Cali 

a Relais Tdi raaraters Spay HIGGS, WAN rele VN ie ees sefad geass W. Ridgway.......... General Electric Company, 235 Montgomery St., San Francisco, Calif. 
Schencctady...........- 1. .Jan. 26;°03,...C. C. Herskind.... . AREER AIRE V 6 otra terse General Electric Company, Bldg. 5, Room 209- -B, Schenectady 5, N. Y. 
(i Ce See dans 195204. 005 Nelson... - SEW du Sumit sist aes eo at Puget ees mine & rere ma 601 eet Bldg., Seattle, Wash, 

Wear atone x ties Te 28. ec. 11,°25..;..E. GC) Wentz.........Saul-Bennon.......... Westinghouse Electric Corp., Sharon, Pa. 
ee ap Rete Sissi = 7....June 12,°47....T. W. Landrum......E. C, Riall, Jr.........231 E. Slattery, Shreveport, La. 
Mouth Bend. ....6..-+-- 5....Feb. 26, °41.... Virgil Williams.......James Evans.......... Jackson Road, Route 2, Mishawaka, Ind. 

St. ae aa Ait Mar. 2,40, Oren LONG. oa.6 cae ah. 
ae os eer lass. May 23," 300s GC. Smith wae acta H. G. Robinson....... Box 1160, Austin, Tex. 
Spokane..........----- 9....Feb. 14, ?13....Charles Uhden......-. H. CG. Martindale......Westinghouse Electric Corp., 1023 West Riverside Ave., Spokane 8, Wash. 
Springfield.........---- {-5..June 29; 722)... ..D. Ls Ross... .).):03.<: BAA. an [BAY RO uefa sles. pete Sper Co., ee ie Springfield, Mass. 
noe 2....June 18, °53....K. J. Granbois.......P. W. Kaseman.......Radio Corp. 0) merica, Lancaster, Pa. 

cc: 2 ne 3: 1....Aug. 12, ?20....Bernard Cole.........Thomas De Vore...... Niagara Mohawk Power Corp., 300 Erie Blvd., West, Syracuse 2, N. Y. 
PEAINPA.. 2. ass - sets 4.,..Feb. 1,°52....1. L. Garcia..........N. J. Patterson........ 3902 McKay Avenue, Tampa, Fla. 
BERG cititsee eetenet ss Qe Tune 63)207 aiid Be Cuoers drueielas = MMV COLT avcisie emi occas Toledo Edison Company, 420 Madison Avenue, Toledo 4, Ohio 
Moronto......--++---+ 10....Sept. 30, 03....W. R. Harmer....... RUD BLOW of avece av. anes Moloney Electric Co., 213 Sterling Road, Toronto 3, Ont. 
CE eA Ree ee Tepe OCtmeele (Sian ete Wis PUTeneys eielar ee GGL BIOEA sieges tce ser Southwestern Bell Telephone Co., 424 South Detroit, Tulsa 3, Okla. 
Utah eee Pere Osorno Oe TY sais V- Sharpen esque) V- es Clayton’)... ..... 1525 Browning Ave., Salt Lake City 5, Utah 

ea , Darker PUurmelcs eric ace me Oakridge Transit Gentre: B. CG, Electric Co., Ltd., Vancouver, B. C. 
Vancouver.......-+---> 9....Aug. 22,711,...C. E, Woolgar....... . Tu g 
Wirginia....6---2++-: 4....May 19, ’22....A. I, Osborne........ Bee ee ie fs Samia ee Lo ead es Tee a Richmond 9, Va. 

Bens as ai ’ . S. Jamison, Jr....... Virginia i il r : 
reine Bee ee is sy Hae om re id eC ieee = 'M. M. Pica SAC a ernc Federal Power Cunicn, 2703 Elnora St., Wheaton Station, Silver Spring, Md. 
ee: ey oe is eS 9. 4 ne 5 ty Vv d Jr __R. H. Hively..........4081/2 Greenbrier Street, Charleston, W. Va. 

West Virginia. ......--- 2....Apr. 9, °40....John Vodar, Jr..... ty 200 East First St., Wichita, Kans. 
MRLICHACE it cleisie (alee see =e 7... Sept. 165°37....D. P. Hutchison... ... H. B. Hamilton.......General Electric Company, ast Firs ichita, Ka 
Ri cvcester debe, 1185 20... 7. Da: Alexander... <.. Dy dackrAllias c(i. -8 2 New England Power Service Co., 66 Faraday St., Worcester, Mass. 


Total Sections........ 99 Z __ 


Name and Location 


*Akron, University of, Akron, Ohio.................5 2...Kenneth F. Sibila 
Alabama Polytechnic Institute, Auburn..............- 4... Albert T. Sprague, Jr. 
Alabama, University of, University...............-... 4...W. F. Gray 

*Alberta, University of, Edmonton, Canada............ 10...R. E. Phillips 

*Avizona, University of, Tucson..............-.5----:: Site 

*Arkansas, University of, Fayetteville................-- 7...D. D. Lingelbach 


*British Columbia, University of, Vancouver, Canada.... 9.. 


Brooklyn, Polytechnic Institute of, Brooklyn, N. Y., 
(Day).. 
Brooklyn, Polytechnic Institute of, Brooklyn, N. Y., 
(Evening) ccc nerage cc ecir ein ne tyainicse tie amie erat staat 
*Brown University, Providence, R. I.. 


Pe ne 


Counselor 


District (Member of Faculty) 


.S. C. Morgan 


1M. F! Gordon 


Student Branches 


*Bucknell University, Lewisburg, Pa............-....-. 2a eb ay waler 
*California Institute of Technology, Pasadena........... 8... 
*California, University of, Berkeley...................- Boe 
*Carnegie Institute of Technology, Pittsburgh, Pasar: in ae A. Finzi 
Case Institute of Technology, Cleveland, Ohio......... 2...N. E, Prochaska 
Catholic University of America, Washington, D. C...... 2...J. GC. Michalowicz 
Cincinnati, University of, Cincinnati, Ohio............ 2...G. EF. Evert, Jr. 
Clarkson College of Technology, Potsdam, N. Y........ 1...John Adams 
Clemson A & M College, Clemson, S. C............... 4,..F. T. Tingley 
Colorado A & M College, Fort Collins................ 6...J. E. Dean 
*Colorado, University of, Boulder...................-+ 6...S. I, Pearson 
*Columbia University, New York, N. Y..............-- Biot 
*Connecticut, University of, Storrs.............-...-+- 1...V. B. Haas 
Hooper Union, New, York, No You. cclse cc cles i iors Et 
*Cornel] University, Ithaca, N. Yo.) 4.62-.--00- 200s 1. 'M. G. Malti 
*Dayton, University of, Dayton, Ohio................. ie a H. Rose 
*Delaware, University of, Newark.............-..-.-55 2...H. S. Bueche 
*Denver, University of, Denver, Colo...............--. 6...A. E. Paige 
*Detroit, University of, Detroit, Mich.................. 5...R. W. Ahlquist 
*Drexel Institute of Technology, Philadelphia, Pa........ 2...F. C. Powell 
Duke University, Durham, N*°C.r 2... ee Ae a ike. Vial 
Fenn College, Cleveland, Ohio...............:2220005 2...R. W. Schindler 
*Florida, University of, Gainesville...............--.-- 4...P,. H. Nelson 
George Washington University, Washington, D. C...... 2...Norman B, Ames 
Georgia Institute of Technology, Atlanta,............. 4...E. R. Weston 
Howard University, Washington, D. C................ 2...E. R. Welch 
Idaho, University of, Moscow............-..-+0--055 9...J. Hugo Johnson 
Illinois Institute of Technology, Chicago.............. 5...E. T. B. Gross 
*Tllinois, University of, Urbana, and Chicago Division, 
(ONG Or Chana d Seen aenE itad aMAS Eon abita oso anOadS 5...E. A. Reid 
Mowarstate College, Ames... ci. sci crue os) eee 5...G. A. Richardson 
Towa, University of, lowa City................-.-+065 5...E. B. Kurtz 
*Johns Hopkins University, Baltimore, Md............. 2...J. L. Artley 
Kansas State College, Manhattan...................- 7...E. L, Sitz 
*Kansas, University of, Lawrence...................+: 7...E. L. Jordon 
Kentucky, University of, Lexington................... 4...G. E. Smith 
*Pafayette (College, Haston, Pa... 2... .s100ns sen 2...J. G. Reifsnyder 
Laval University, Quebec, Canada................... 10...G. E. Sarault 
Lehigh University, Bethlehem, Pa....................- 2...H. T. MacFarland 
Louisiana Polytechnic Institute, Ruston............... 7...L. M. Dyson 
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1953-1954 AIEE General and District Meetings 


1953 Pacific General Meeting 
September 1-4, Vancouver, B. C. 
H. Steede, General Chairman 


1953 Middle Eastern District Meeting 


Sept. 29-Oct. 1, Charleston, W. Va. 
R. H. Greame, General Chairman 


1953 Fall General Meeting 
November 2-6, Kansas City, Mo. 
C. G, Roush, General Chairman 


1954 Winter General Meeting 
January 18-22, New York City 
C. T. Hatcher, General Chairman 
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Officers and Committees —1953—54 


1954 Northeastern District Meeting 

May 5-7, Schenectady, N. Y. 

D. E. Gan General Chairman 

1954 Summer and Pacific 
Meeting 


June 21-25, Los Angeles, Calif. 
Bradley Cozzens, General Chairman 
1954 Middle Eastern District Meeting 
October 5-7, Reading, Pa. 

W. B. Morton, General Chairman 
1954 Fall General Meeting 

October 11-15, Chicago, Ill. 

J. F. Calvert, General Chairman 


General 
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. 


OF CURRENT 


Possibilities of Electronic Control 


pe 


of Automobiles Explored by Dr. Zworykin 


An exploration of how electronics can be 
put to work to reduce highway disasters and 


to relieve drivers of tiresome tasks on modern 


superhighways has been initiated by Dr. V. 
K. Zworykin (F *45), Radio Corporation of 
America (RCA). 

Recent electronic advances indicate that 


_ electronic aids to many automobile driving 


} 


_ problems are approaching the realm of prac- 


tical application, according to Dr. Zworykin. 
Although the day of completely automatic 


_ control of automobiles is far off, Dr. Zworykin 


said, certain electronic devices to assist 

_ drivers in such matters as bad weather steer- 
ing and collision prevention are nearer at 
hand. 

To study the basic problems of automatic 
driving, Dr. Zworykin and assistants at the 
David Sarnoff Research Center of RCA, in 
Princeton, N. J., have equipped a model 5- 
foot car with electronic equipment. This 
laboratory car, which is powered by a storage 
-battery, can: (1) Steer itself along a pre- 
scribed route; (2) Stop itself when 
approaching a metal obstruction; and (3) 
Turn out of its original lane into a second 
lane as if to pass another car moving at a 
slower speed. 

In the laboratory setup, the model car is 
guided by a wire which represents a cable 
that would be laid in the roadbed of a super- 
highway. The wire sets up a magnetic field 
of a certain frequency which is picked up by 
the two coils, one on each side of the car. If 
one coil receives more of the signal than the 
other it means the car is no longer centered 
over the wire and electronic equipment con- 
trolling the steering wheel immediately 
brings the car back “on course.” 

To prevent a collision with an obstruction, 
simple transistor circuits associated with the 
guidance wire send out warning signals of 
another frequency whenever an obstruction 
passes or is stalled over them. ‘These warn- 
ing circuits, in effect, produce a “radio tail” 
at the rear of any sizable metal obstruction on 
the route. When equipment in the model 
car receives the warning signal, the brakes 
are applied automatically and the car comes 
to a halt. 

To simulate two lanes in the same direc- 
tion, Dr. Zworykin has parallel guidance 
wires with a diagonal wire connecting them. 
When the model car senses the radio tail of an 
obstruction in the inner lane, its electronic 
equipment shunts it along the diagonal into 
the outer lane so as to pass the obstruction. 

A system of warning circuits in the road- 
bed to produce a “radio tail” when an auto- 
mobile passes over would be quite impractical 
with electron tubes, Dr. Zworykin pointed 
out. But when transistors are available in 
large quantity at low cost, he said, such cir- 
cuits become feasible because power con- 
sumption would be reduced. ' 

“The basic requirements of an automatic 
driving system harmonize with trends in 
modern highway construction,” Dr. Zwory- 
kin declared. “The requirements are that 
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the roads have at least two lanes in each 
direction and that crossings and left turns 
across traffic be eliminated by cloverleafs and 
similar systems. With these conditions 
satisfied, the stage is set for a gradual intro- 
duction of measures to reduce traffic risks 
and simplify driving procedures. 

“The changes should necessitate neither 
sudden abandonment of established driving 
habits nor wholesale installation of new 
equipment on roads and vehicles. This 
means: (1) The driver must retain the 
freedom of choice of speed, within prescribed 
limits, and of choice of either manual or auto- 
matic control. (2) Automatic control sys- 
tems must be restricted, initially at least, to 
high-speed long-distance road systems sub- 
ject to special regulation, such as turnpikes 
and throughways. (3) Vehicles equipped 
with automatic driving devices must be able 
to benefit in mixed traffic, consisting of 
equipped and unequipped vehicles. 

*‘As a first step, equipment should be pro- 
vided to enable the driver to keep his vehicle 
centered on the traffic lane under conditions 
of fog and poor visibility in general. ‘This 
may be accomplished by a cable, buried in 
the concrete, carrying moderate-frequency 
alternating currents (of the order of 100 kc) 
and a pair of magnetic pickups mounted on 
the car. The difference in the signals de- 
rived from the two pickups may be used 
either to indicate the off-course position of 
the vehicle on the dashboard or applied 
directly to the steering mechanism so as to 
maintain the car in the center of the lane. 
Feedpoiuts for the cable may be provided at 
intervals along the highway. 

“In this system the driver not only would 
retain complete control of the car speed, but, 
in addition, could switch at will from manual 
to automatic steering. The automatic set- 
ting could be linked to an external indication 
on the car to inform road supervisors and 
other drivers of the fact that the car is under 
automatic control. 

“The second step in the evolution of the 
automatic driving system, the prevention of 
collisions, is an extension of the equipment. 


Dr. V. K. Zwory- 
kin examines elec- 
tronic apparatus of 


model car. The 
experimental car 
keeps itself cen- 


tered over the wire 
which radiates a 
signal 
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INTEREST 


Future Meetings of Other Societies 


American Chemical Society. 124th National Meetings 
September 6-11, 1953, Chicago, Ill. 


Canadian Electrical Manufacturers Association. 9th 
Annual Meeting. September 23-25, 1953, General 
Brock Hotel, Niagara Falls, Ontario, Canada 


Conference on Industrial Hydraulics. 9th National 


Conference. October 8-9, 1953, Hotel Sheraton, 
Chicago, III. 
Eastern Electrical Wholesalers Association. 2d Na- 


tional Electrical Industries Show. September 29- 
October 1, 1953, 69th Regiment Armory, New York, 
NOY 


Electric League of Western Pennsylvania. 4th Indus- 
trial Electric Exposition. October 6-8, 1953, William 
Penn Hotel, Pittsburgh, Pa. 


Electrochemical Society. September 
Ocean Terrace Hotel, Wrightsville, N. C. 


13-16, 1953, 


Engineers’ Council for Professional Development. 
Annual Meeting. October 15-17, 1953, Hotel Statler, 
New York, N. Y. 


Illuminating Engineering Society. National Technical 
Conference. September 14-18, 1953, Hotel Commo- 
dore, New York, N. Y. 


Institute of the Aeronautical Sciences and Royal 
Aeronautical Society. 4th International Aeronautical 
Conference. September 7-17, 1953, London, England 


8th National Instru- 
21-25, 19535, Hotel 


Instrument Society of America. 
ment Conference. September 
Sherman, Chicago, IIl. 


International Association of Electrical Inspectors. 
25th Jubilee Meeting. September 21-26, 1953, Edge- 
water Beach Hotel, Chicago, IIl. 


International Hearing Aid Association. ist Inter- 
national Hearing Aid Show and 5th Annual Convention. 
September 25-27, 1953, Hotel Commodore, New York, 
N. Y. 


National Association of Corrosion Engineers. South 
Central Region Meeting. October 7-9, 1953, Mayo 
Hotel, Tulsa, Okla. 


9th Annual Con- 
Hotel Sherman, 


National Electronics Conference. 
ference. September 28-30, 1953, 
Chicago, Ill. 


Pennsylvania Electric Association. Annual Meeting. 
September 22-23, 1953, Benjamin Franklin Hotel, 
Philadelphia, Pa. 


Society of Automotive Engineers. National Aero- 
nautic Meeting, Aircraft Engineering Display, and Air- 
craft Production Forum. September 29-October 3, 
1953, Hotel Statler, Los Angeles, Calif. 


Society of Automotive Engineers. National Tractor 
Meeting and Production Forum. September 14-17, 
1953, Hotel Schroeder, Milwaukee, Wis. 


The American Society of Mechanical Engineers. Fall 
Meeting. October 5-7, 1953, Sheraton Hotel, Roches- 
ter, N. Y. 
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Model car equipped with experimental 
electronic equipment is shown stopping 


itself to prevent a collision. The warning 
signal is set off by the metal of the parked 
car in front. Oscilloscope pattern at 
right of each picture shows how the warn- 
ing signal received in the rear car gets 
stronger as it nears danger point 


‘“The essential feature of one proposed col- 
lision-prevention system is the transfer of 
energy from a high-frequency power cable, to 
a series of tiny oscillators or transmitters 
along the lane. The transfer of energy is 
controlled by the passage of a car and a long 
time constant circuit or ‘memory’ causes the 
transmitter to function for a time after the car 
has passed. The oscillations are transmitted 


backward along a high-attenuation cable and 
sensed by pickup coils on the following cars. 
Thus. every car, whether equipped with 
automatic driving devices or not, would be 
followed by a ‘flying tail’ of warning signals. 
Their amplitude would increase as the car 
slowed down and become a maximum for a 
stalled car. Conversely, the sensing system 
of the following cars would be coupled with 
the car speed indication so that the warning 
signal would increase with their speed. 

“In a completely automatic system this 
warning ‘tail’ could be used to switch a car 
from one lane to another at specified cross- 
over points. In this case, the sequence of 
events as a car approaches another vehicle 
which is either stalled or moving at a lower 
speed is: As the signal picked up from the 
‘flying tail’ of the preceding vehicle reaches a 
certain level, the guidance setting would be 
shifted to the left lane. Then, the car would 
pass over to the left lane at the next cross-over 
point and pass the slower vehicle unless: 
(a) The turn-off is blocked by signals from a 
nearby vehicle which is already in the left 
lane; or (6) The slower vehicle impedes 
further progress even before the turn-off 
point is reached. 

‘In the second instance the signal from the 
‘flying tail’ would continue to increase in in- 
tensity; its indication to the driver may be 
either auditory or visual—in the form of a 
sound of rising amplitude or a flashing light 
of increasing frequency, warning him to de- 
celerate or apply the brakes. As an alterna- 
tive, the signal, from a certain level on, may 
reduce the fuel intake and, at a still higher 
level, actuate the power brakes. Again, bya 
3-way switch, the driver could be given the 
choice of unassisted manual control, manual 
control assisted by instruments indicating his 
position and the proximity of other vehicles, 
and of completely automatic guidance and 
collision prevention.” 


Research Project Points Out Advantages 


in Electric Furnace Steelmaking 


The coal, steel, and electrical utility indus- 
tries could make or save many millions of 
dollars as a result of a 2-year research project 
Just completed by 14 electrical utility com- 
panies and Bituminous Coal Research, Inc., 
the national research agency of the bitumi- 
nous coal industry. 

Approximately 83,000,000 tons, or 89 per 
cent, of total United States steel is made in 
open hearths. Most of this is low-carbon 
steel. The electrical utility industry and the 
coal industry, knowing that both would bene- 
fit materially if electric furnaces replaced 
open hearths, joined forces to conduct a 
comprehensive technical-economic study to 
discover whether the electric furnace could 
compete with the open hearth for this major 
part of the nation’s steel production. Both 
industries stood to gain stabilization of pro- 
duction at a higher level as well as increased 
sale of their product. 

Three plant sizes were studied—250,000 
tons, 500,000 tons, and 1,000,000 tons of 
annual steel production. 

They discovered that replacing open- 
hearth furnaces by electric furnaces could 
(1) decrease the cost of making low-carbon 
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steel from cold metal up to $3.15 per ton, 
(2) increase the national output of electricity 
by 12 per cent, and (3) increase coal produc- 
tion about 25,000,000 tons a year. ‘The lat- 
ter two estimates assume a total replacement 
of the existing 950 open-hearth furnaces by 
760 electric furnaces. 

Open hearths are fired primarily with oil; 
electric furnaces operate on power usually 
generated from coal. Future changes in 
costs of fuels and metals used by the electric 
furnace and the open hearth are expected to 
favor the electric furnace. 

Manufacturers who supply or service the 
coal, electrical, and steel industries also stand 
to increase sales by many millions of dollars. 
For example, the 25,000,000 tons of coal 
needed annually for generating the addi- 
tional electricity would mean $25,000,000 
worth of mining equipment. This tonnage 
means millions of dollars in freight revenue to 
the railroads and other transportation com- 
panies. Supplying power for the electric 
furnaces for the maximum potential steel 
tonnage would mean installation of 19,000,- 
000 kw of additional capacity. To build 
and equip these power generation facilities 
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would take an investment of $3,000,000,000, 
not including transmission. The electric — 
furnace installations would mean over a | 
billion dollars in sales to manufacturers of § 
furnaces and auxiliary equipment. F 

Even a 10-per-cent switch to electric - 
furnaces in the near future holds tremendous 
importance to the industries concerned. Al- 
most 7,000,000 tons of alloy and low-carbon 
steels were made in electric furnaces last year. 

Up to the present, electric furnaces have 
been used primarily for the production of 
special alloy steels. During World War II, — 
electric furnace steelmaking expanded to — 
supply increased demands for. high-quality 
steels. At the end of the war, demands for 
these steels declined and excess electric fur- 
nace capacity led some manufacturers to ex- 
periment in using this equipment to manu- 
facture low-carbon steel. About the same 
time, important developments and improve- 
ments in equipment, such as the swing roof, 
high rates of energy input, and increase in 
furnace size, took place. These improve- 
ments reduced charging time, decreased 
melting time, and lowered current consump- 
tion. As a result, important economies 
were achieved which brought electric furnace 
steelmaking costs to the level of the open- 
hearth process. 

The comprehensive evaluation just com- 
pleted proved what had been indicated by 
the isolated experiments of individual steel 
companies who used the electric furnace to 
make low-carbon steel. 

The research was conducted by Battelle 
Memorial Institute for the electrical utility 
companies and Bituminous Coal Research, 
Inc. The findings have been published. 
The 80-page report shows that capital cost 
for electric furnace installations is only 60 
per cent of the cost of open hearths; that the 
cold-melt steelmaking process using scrap and 
pig iron shows lower cost for the electric fur- 
nace; and that electric furnaces show a 
greater annual return on invested capital. 
For the 50-per-cent hot-metal, 50-per-cent 
scrap-metal process, annual return on in- 
vested capital with the electric furnace is 
equal to or greater than the open hearth. 
The study and report were based on full 
capacity operation. Less than full capacity 
operation would tend to favor the electric 
furnace becaused fixed costs are lower. 

Only the most modern open-hearth in- 
stallations were used for the study. No 
plant more than 8 years old was included. 
Costs shown for open-hearth operation are 
the lowest which have been achieved or 
which the steel industry considers to be 
possible. For the electric furnace, costs have 
been used which are conservative and beyond 
challenge. ‘Three representatives of the steel 
industry advised on the collection of data and 
preparation of the final report. 

In addition to reduced capital investment, 
and reduced cost of steel production in cold- 
melt practice, the electric furnace offers steel 
company management other important ad- 
vantages over the open hearth. 

The electric furnace is more flexible. It 
can be put into production or withdrawn at 
will while the open hearth must be fired 
when idle in order to protect the brick work. 

Electric furnaces can be kept in operation 
all but about 15 days a year while open 
hearths are usually down about 30 days. 


Rebuilding time is shorter for the electric ~ 


furnace. 
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The yield of the electric furnace is about 

2 per cent greater than the open hearth for 

_ the same amount of materials. 

: The electric furnace gives greater control of 
sulphur in the production of deep drawing 

_ sheets and welding grades of steel. 

_ Because of its better temperature control 
the electric furnace saves time in steel pro- 
duction. Nitrogen control by the electric 

_ furnace is expected to match that of the open 

“hearth. 

_ This report contains detailed tables show- 
ing not only costs, but also operating data, 
_ pounds, gallons, man-hours, so steel com- 

_ panies readily can apply their own operat- 

_ ing and cost data to evaluate electric furnaces 

_versus open hearths for their own plants. 

It can be obtained at $10.00 per copy from 

Bituminous Coal Research, Inc., 2609 First 
- National Bank Building, Pishareh 225 ba. 


_Liversidge to Speak at 
_-ECPD Annual Meeting 

Horace P. Liversidge, chairman of the 
board, Philadelphia (Pa.) Electric Com- 
pany, will address the annual meeting of 
Engineers’ Council for Professional Develop- 
ment in New York, N. Y., October 15-17, 

1953. The Engineering College Research 
Council and the Engineering College Ad- 
ministrative Council of the American 
Society for Engineering Education will also 
meet in New York, October 14-15. 

Mr. Liversidge will speak at the annual 
engineers dinner on October 16. His topic 
will be “Industry and Engineering Educa- 
tion.” (The complete program for the 
meetings will appear in the October issue. ) 


Stanford Research Institute 
Reorganizes Laboratory 


The Engineering Division of Stanford 
Research Institute has revised and expanded 
the organization of its well-known Aircraft 
Radiation Systems Laboratory. 

Thomas H. Morrin, director of Engineer- 
ing Research, has announced that expansion 
of industrial services in aircraft and com- 


The Radio Systems Laboratory rooftop and 
tower installations make up an antenna 
pattern test range 
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munications programs has necessitated re- 
grouping of related technical sections under a 
Radio Systems Laboratory, by which name 
the new arrangement will be known. 

Mr. Morrin has announced further that 
the broadened scope of research and de- 
velopment in the areas of radio communica- 
tions at the institute has made it desirable to 
change the name of the Single Sideband 
Communications Group to the Communica- 
tions Group. Formerly a separate research 
section, the Communications Group hence- 
forth will be a part of the Radio Systems 
Laboratory. 

Heading the new structure will be Dr. 
J. V. N. Granger, assistant chairman of the 
Engineering Department. Assistant head is 
Dr. John T. Bolljahn. 

Technical groups now assigned to the 
Radio Systems Laboratory are: communi- 


cations; antenna research; antenna de- 
velopment; air-borne applications; and 
microwave. 


Mr. Morrin has emphasized that the re- 
vamped organization indicates no reduction 
in the scope of work for the aircraft industry. 
The laboratory is prepared to undertake sys- 
tems work of all types, including studies of 
aircraft communications, performance re- 
quirements, and performance evaluation. 

Radio equipment development will con- 
tinue on flush antennas, multiplexing de- 
vices, navigational aids, and communication 
equipment. 

The Microwave Group has facilities for 
radar antenna development, radome studies, 
and research on microwave components. 

The Communications Group, which has 
spent more than 4 years on single-sideband 
transmission for military applications, is 
working on an air-borne single-sideband 
program. Future studies will involve reduc- 
tion in equipment size and the economics of 
air-borne applications. 


Voice Communication System 
Developed for Industrial Use 


A 2-way voice communication system for 
industrial use, linking ‘“base stations’? with 
mobile units such as cranes, ore bridges, yard 
locomotives, and boat unloaders is a new 
development of Mine Safety Appliances 
Company. 

The “‘telecrane” frequency-modulated car- 
rier communication system helps co-ordinate 
operations by speeding production, pro- 
moting safety, and reducing delays in ma- 
terials handling. 

Clear, direct voice communication, au- 
dible above the noise level of plant opera- 
tions, is achieved with this heavy-duty sys- 
tem. It is free from transmission noise. 

No new or additional wiring connections 
are needed; it employs existing electric cir- 
cuits for transmitting carrier waves. A 
coupling capacitor joins the carrier frequency 
to any a-c or d-c power line. For isolated 
locations, circuits which operate on storage 
batteries are available. 

The compactly designed Telecrane trans- 
mitter-receiver unit is tray-mounted to 
facilitate servicing. The extension micro- 
phone, used in cranes and mobile equip- 
merit, is adjustable to any desired position, 
and a heavy-duty foot switch keys the trans- 
mitter or closes the speaker circuit, leaving 
the operator’s hands free. 
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Foreman employs the new Telecrane com- 
munication system to direct crane operator 


(left background) handling ingots at the 


soaking pits. Telecrane transmitter is 
wall-mounted to foreman’s left, speaker at 
right, at this base station; in the crane the 
equipment box and transformer are con- 
veniently located in the cab 


At the base station or permanently located 
units the operator need only depress a lever 
to talk, release it to listen. Each speaker has 
its own volume control so that it may be 
adjusted in relation to surrounding condi- 
tions. The loudspeaker has impedance- 
matching transformer which can be used 
with one to three speakers. An audio 
amplifier may be used if more than three 
speakers are desired off the same base equip- 
ment. 

The equipment box houses the transmit- 
ter-receiver unit, filter unit, terminal block, 
and power circuit resistors. 


National Officers Elected 
by Eta Kappa Nu for 1953-54 


E. T. B. Gross (F ’48), professor of power 
systems engineering, Illinois Institute of 
Technology, Chicago, has been elected 
national president of Eta Kappa Nu, elec- 
trical engineering honor society, for 1953-54. 

J. E. Hobson (F 748), director, Stanford 
(Calif.) Research Institute, was elected 
national vice-president, and A. B. Zerby 
(AM °38) was re-elected national secretary. 

Members of the national Advisory Board 
are O. W. Eshbach (F ’37), dean, North- 
western Technological Institute, Chicago, 
Ill.; F. J. Hallenback (AM ’40), member of 
technical staff, Bell Telephone Laboratories, 
Inc., Murray Hill, N. J.; C. T. Koerner 
(AM ’35), senior engineer, Pacific Telephone 
and Telegraph Company, Los Angeles, 
Calif.; E. B. Kurtz (F ’29), professor and 
head, Department of Electrical Engineering, 
University of Iowa, Iowa City; Albrecht 
Naeter (M ’30), head, School of Electrical 
Engineering, Oklahoma Agricultural and 
Mechanical College, Stillwater; G. W. 
Swenson (F ’36), professor and head, Depart- 
ment of Electrical Engineering, Michigan 
College of Mining and Technology, Hough- 
ton; and S. R. Warren (F °53), professor of 
electrical engineering, University of Pennsy]- 
vania, Philadelphia. 
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Most Powerful Electric Motors 
Installed in Wind Tunnel 


The most powerful electric motors known 
to have been built were installed recently at 
the Arnold Engineering Development Cen- 
ter, Tullahoma, Tenn. 

Installation of the motors, which are as 
high as a 2-story house, is the first major 
step in the assembly of what is believed to be 
the world’s largest rotating machine. The 
two motors, rated at 83,000 horsepower each, 
and a smaller pair, rated at 25,000 horse- 
power each, will produce a total of 216,000 
horsepower to drive five huge compressors 
which will produce man-made hurricanes for 
transonic and supersonic wind tunnels of the 
Propulsion Wind Tunnel Facility at the 
Arnold Engineering Development Center. 
This center is the newest of the nine research, 
development and testing centers of the Air 
Force’s Air Research and Development 
Command. The center’s facilities, now 
under construction, will provide the nation 
with the means for testing and evaluating 
supersonic aircraft, guided missiles, and 
aircraft engines. 

Westinghouse Electric Corporation built 
the motors at its East Pittsburgh, Pa., 
plant and is in the process of constructing 
the compressors at Sunnyvale, Calif. When 
put together tandem fashion, the entire 
machine will be 500 feet in length. 

The motors were picked up by a giant 
overhead crane, which stands nearly 100 
feet high, lifted up 70 feet in the air, and 
lowered through the roof of the motor-drive 
building into their mountings. 

Though the machine will represent the 
highest stored energy of any rotating mass 
ever built, it will be brought to a halt in 
about 3 minutes time by using its wound- 
rotor motors as brakes. The energy is 
dumped into liquid rheostats, which are 
used for secondary control. 

The five compressors now under construc- 
tion at Sunnyvale are not expected to be 
completed for at least another year. The 
transonic compressor will be a single unit; 
but the supersonic compressor, which will 
push the air through the tunnels at speeds 
above the speed of sound, will be four com- 
pressors coupled as one. 

The blades for the compressor measure 
2 feet across the face, 6 feet in length, and 
will rotate on a spindle 18 feet in diameter. 
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Weighing almost two-thirds of a ton each 
the blades will be solid forgings rooted to 
enormous disks. 

A quarter-scale model of one of the multi- 
ple-stage compressors has been built. The 
model underwent exhaustive tests to insure 
that the outsize blades will not develop 
excessive vibrations at operating speeds. 


Jet-Cooled Bushing Developed 
for Hydrogen-Cooled Generators 


A new jet-cooling method of terminal 
bushing ventilation for its hydrogen-cooled 
steam turbine-generators has been developed 
by Allis-Chalmers engineers. The develop- 
ment increases the current capacity of con- 
ventional bushings nearly four to one while 
maintaining a compact, mechanically sturdy 
conductor and bushing design. It is of par- 
ticular significance because of the demands 
made on terminal bushings by the increased 
ratings which are being built into generators. 

To meet these heightened requirements, 
multiple bushings have been used in some 
instances to keep bushing temperatures with- 
in safe limits at high amperage. Still other 
machines have been built with bushings of 
6,000-ampere capacity and larger. Besides 
posing problems in design and manufacture, 
the excessive size of these large bushings 
makes them difficult to handle and install, 
and subjects them to operational hazards. 

The new jet-cooled terminal bushing uti- 
lizes the cooling capabilities of high-velocity 
hydrogen gas in much the same way as does 
supercharging of generator conductors. 
The terminal conductor is a hollow copper 
stud, divided into inlet and outlet passages 
by a vertical partition. A jet of cool hydro- 
gen, forced at high velocity from the gener- 
ator pressure chamber, is directed through a 
hole in the top of the bushing. It travels 
through the passages in direct contact with 
conductor copper and exhausts into the fan 
suction region of the generator by means of 
radial openings in the bushing cap. 

Tests indicate that with jet-cooling a 
4,500-ampere bushing can carry 17,500 am- 
peres safely with hydrogen pressure at 30 
pounds per square inch gauge. Even at 0.5- 
pound-per-square-inch-gauge hydrogen, the 
bushing will carry well over 10,000 amperes. 

While this development in generator de- 


A huge 100-ton stator 
is lowered into its 
position in the motor 
drive building of the 
Air Force’s Arnold 
Engineering Develop- 
ment Center, Tulla- 
homa, Tenn. 


U.S, Air Force photo 
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a 
sign parallels advances in supercharged cool-- 
ing, it is equally applicable to nonsuper-> 


charged hydrogen-cooled machines operating: 
at normal pressures. It makes standard 
13,800-volt machines practical in much 
larger ratings than ever before. A 

The new jet-cooled bushings will be used ) 
for the first time on the 118,450-kw 15,500-- 
volt 1,800-rpm generator now being com=; 
pleted for the low-pressure end of a 156,250-- 
kw cross-compound Allis-Chalmers turbine-- 


generator unit for a midwestern utility. 


Training Program Announced 
in Cobalt 60 Radiography 


Early this fall Technical Operations, willl 
offer the first in a series of 2-week training? 
programs in Cobalt 60 radiography in indus-- 
try. This program will cover health phys— 
ics, the handling of Cobalt 60 and other} 
gamma sources, and the practical and theo— 
retical aspects of industrial radiography. ~ . 

Approximately half the time will be taken: 
in lectures, demonstrations, and question andj 
answer periods, the rest being devoted to ac— 
tual practice, including experiments in} 
shielding, radiation measurement, and the: 
taking of radiographs. 

Applicants should have previous technical 
training and/or experience in some field: 
related to foundry practice, steel fabrication, 
mechanical engineering, or radiography. 

The program has the supplemental pur- 
pose of providing the basis for approval by; 
the Atomic Energy Commission for purchase: 
of Cobalt 60. 

Enrollment will be limited. For further 
details, write Technical Operations, In- 
corporated, 6 Schouler Court, Arlington 74,, 
Mass. 


Instrument Maintenance Clinic 
to Be Held Before Conference 


The Fifth Preconference Instrument Soci- 
ety of America (ISA) Instrument Mainte- 
nance Clinic will be operated during Sep- 
temper 18, 19, and 20, the 3 days prior to the 
opening of the Eighth National Instrument 
Conference and Exhibit to be held in Chi- 
cago, Ill., September 21—25, 1953. | 

The Clinic program will include the 
following subjects: pyrometers, millivolt- 
meter type; electric instruments; mechanical 
and electric potentiometers; electronic po- 
tentiometers; graphic panel instruments; 
control valve selection and maintenance; 
combustion control; oxygen recorder; flow 
meters, electric type; liquid level control and 
control valves; area-type flow meters; and 
self-operated controls. 

Classes will begin on Friday, September 18, 
at1:00p.m. There will be a total of nine 2- 
hour sessions, three each on Friday, Saturday, 
and Sunday. Friday evening will be de- 
voted to a general session on ‘Principles o: 
Instrumentation and Automatic Control.” 

This Clinic will be held in the various 
classrooms set up in the Morrison Hotel. 

The Clinic is open to members of the ISA. 
The American Society of Mechanical Engi. 
neers, AIEE, and Institute of Radio Engi. 
neers without charge. Nonmembers may 
attend to the extent of available space afte: 
registration of members. Nonmembers wil 
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lust accompany application. 
& Prior registration is required by those de- 
siring to attend the Maintenance Clinic. 
Registration will close September 14. All 
those planning to attend are urged to register 
now with the National Office of ISA, 1319 
Allegheny Avenue, Pittsburgh 33, Pa. 


= 
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Ohio Valley Electric Places 
~ Largest Single Bond Issue 


, Details of a $420,000,000 negotiated financ- 
ing operation, including the largest direct 
placement of a single issue of securities in the 
history of the utility business, were an- 
nounced recently. This amount is the major 
portion of the estimated maximum capital 
requirements of $440,000,000, all undertaken 
by private capital, of the Ohio Valley Elec- 
tric Corporation. 
_ Ohio Valley, formed by 15 private elec- 
trical utility companies to supply the huge 
power requirements of the United States 
Atomic Energy Commission’s new atomic 
diffusion plant near Portsmouth, Ohio, has 
arranged the sale of $360,000,000 of 33/, per 
cent First Mortgage and Collateral Trust 
Bonds, due January 1, 1982, to be delivered 
in installments until January 1, 1957. 
Negotiated by The First Boston Corporation, 
the sale was made to 29 insurance companies, 
seven pension funds, and two savings banks. 
The sale of $60,000,000 Notes, bearing 4 
per cent and maturing January 1, 1967, was 
arranged through The First National Bank 
of the City of New York, acting as agent for a 
group of 12 banks and two pension funds. 
Equity capital of $20,000,000, which 
makes up the balance of Ohio Valley’s esti- 
mated maximum capital requirements, will 
be supplied by the 15 sponsoring electrical 
utility companies or the parents of some of 
them. 


Scientific Personnel Program 
May Benefit Army Inductees 


The United States Army Scientific and 
Professional Personnel Program should be of 
special interest to recent engineering gradu- 
ates who will be inducted shortly into the 
Armed Forces because it was designed to 
channel as many such persons as possible into 
Army billets which will insure the maximum 
utilization of their engineering or scientific 
training and experience for their own con- 
tinued professional development and for the 
advancement of the Army’s technical pro- 
prams. ‘The program is described in detail in 
Department of the Army Special Regulation 
6175-25-17, dated August 7, 1952. 

The regulations provide for the identifica- 
tion, classification, assignment, and utiliza- 
tion of those persons who are qualified to 
perform scientific and professional level 
duties in research and development, instruc- 
tion, and related work of professional or sci- 
entific nature. 

Commanders of reception centers and 
ther installations conducting initial recep- 
ion processing are responsible for the proper 
dentification and indoctrination of scientific 
und professional personnel and for their 
ransfer to appropriate basic training. 

The regulations concerning the selection of 
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charged a $3.00 registration fee Oner 


LeRoy A. Petersen 
(right), president 
of Otis Elevator 
Company, and 
William H. Bruns 
(left), supervisor 
of engineering re- 
search, set up an 
elevator traffic 
problem for auto- 
matic solution by 
the new electronic 
traffic analyzer 


Scientific and Professional Personnel are far 
too complex for adequate reproduction here. 
The regulations differ for each major scien- 
tific and professional field. In some cases, 
only a bachelor of science degree is required. 
In others, a bachelors degree plus a certain 
amount of experience or an advance degree 
are required. 

Personnel qualified as Scientific and Pro- 
fessional Personnel are assigned a Military 
Occupational Specialty number which re- 
flects their specialty and is intended to be 
used as a guide in their assignment to billets 
in which their training and experience will be 
utilized. All the major engineering and 
scientific fields are covered by the regulation 
although the qualifications differ somewhat. 

Copies of the basic regulation are available 
from the Department of the Army, Washing- 
tomn25; Ds'Ge 

The Engineering Manpower Commission 
of Engineers Joint Council is very interested 
in the efficiency of the Scientific and Pro- 
fessional Personnel program. It feels that 
the dissemination of information regarding 
the existence of the program is vital to its 
success and would appreciate information re- 
garding engineers and scientists qualified 
under the program who are not being utilized 
in their fields of special qualification. 


Electronic ‘‘Brain’’ Provides 
Automatic Elevator Service 


An electronic “‘brain”’ that makes elevator 
service in busy buildings completely auto- 
matic was demonstrated for the first time re- 
cently by the Otis Elevator Company. The 
electronic traffic analyzer and automatic 
program selector demonstrated are similar to 
elevator control equipment now being in- 
stalled in new and modernized buildings. 
In the demonstration, the “‘brain’”’ controlled 
the operation of a model in which flashing 
lights simulated the movements of a 4-car 
bank of elevators in a 10-story building. 

Automatic program selection culminates 
engineering development that has been 
making elevator service progressively less de- 
pendent on the human element. Automatic 
supervisory systems already in use co-ordinate 
the operation of a bank of elevators according 
to any one of several dispatching programs. 
But even with automatic group superv sion, 
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the elevator starter had to watch lobby 
traffic and the changing pattern of lights on 
his indicator panel, decide which dispatching 
program and interval best would handle the 
prevailing traffic, and switch the supervisory 
system to the desired settings. 

Now, with automatic program selection, 
the traffic analyzer continually records 
passenger calls and waiting time data, and 
the program selector automatically puts into 
effect the appropriate dispatching program 
and interval. When the traffic pattern 
changes, the control system promptly adjusts 
elevator service accordingly. 

The system anticipates the morning and 
evening rush by putting into effect the UP- 
peak or DOWN-peak program, respectively. 
The peak program stays in effect for the 
duration of the rush period. At all other 
times, the traffic itself determines which 
program is in effect. Automatic program 
selection frees the starter of all responsibility 
for elevator supervision. He can devote his 
full time to giving information and providing 
the other personal services that tenants and 
visitors expect. 

Circuit connections of the electronic touch 
buttons on the console of the Otis demon- 
strator correspond to those of the numbered 
buttons in elevator cars and the “SUP” and 
“DOWN?” buttons at landings in an actual 
building. By touching the proper buttons 
on the demonstrator console, engineers are 
able to simulate the various traffic conditions 
that occur in a real building, and watch how 
the model elevator system, under control of 
the electronic brain, handles each situation 
as it arises. 

Aside from its value in demonstrating auto- 
matic program selection, the model also will 
be used by Otis engineers to investigate spe- 
cial traffic-handling problems. 

Otis engineers have been extending the 
application of electronic analyzer and auto- 
matic changeover principles to respond to 
variations in traffic and elevator performance 
at all times. The result is automatic pro- 
gram selection, which puts into effect any one 
of the six Autotronic dispatching programs as 
determined by the prevailing traffic pattern. 
Together with modifications of the elevator 
system for fully automatic ‘‘operatorless” 
service, automatic program selection enables 
the entire Autotronic elevator system to 
‘think for itself’? without human interven- 
tion. 
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Electrical Industries Show 
to Stress Adequate Wiring 


Adequate wiring in homes and business 
premises will be the theme of the Second 
National Electrical Industries Show, spon- 
sored by the Eastern Electrical Wholesalers 
Association, which will be held September 
29-October 2, 1953, in New York, N. Y. 

Stressing ‘Safety Through Adequate Wir- 
ing,” the show will launch a nation-wide 
educational drive to bring all phases of the 
electrical industry, including manufacturers, 
wholesalers, distributors, contractors, archi- 
tects, engineers, builders, purchasing agents, 


LETTERS TO 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Electrostatic Safety 


To the Editor: 


The writer appreciates the illuminating 
letter to the editor from F. L. Hermach (EE, 
Jul ?53, pp 664-5) wherein he sets forth 
principles and indicates test data used in the 
formulation of certain recommendations in 
the National Fire Protection Association 
(NFPA) Bulletin 56. 

Mr. Hermach’s concluding paragraph, 
relating to my article, ‘Electrostatic Safety 
for Hospital Operating Rooms,” (EE, Apr 
753, pp 329-34) states that differences be- 
tween the NFPA recommendations and the 
writer’s opinions can be readily resolved. 
A complete array of facts and fundamental 
principles are the chessmen which disagree- 
ing engineers basically manipulate in resolv- 
ing differences of opinion, Although the 
area of subject matter included in Mr. Her- 
mach’s letter seems too extensive and our 
dissenting opinions too diverse for resolution 
through these brief columns, the writer will 
offer here only a few comments, some in 
concurrence and some in rebuttal of those by 
Mr. Hermach, 

The writer concurs with the general princi- 
ple stated in the second paragraph of Mr. 
Hermach’s letter to the effect that the safe 
upper resistance limit for flooring should be 
low enough in megohms to discharge the 
static electricity practically as fast as it gener- 
ates in order to prevent any rises of voltage 
to the spark-ignition threshold. This resist- 
ance value is determined by the capacitance 
and the time constant of the particular elec- 
tric circuit; and, the principle here stated 
has been used in the writer’s industrial con- 
trols of electrostatic hazards for many years. 

In addition, the writer agrees without 
reservation with the principle stated in the 
third paragraph of Mr. Hermach’s letter, a 
principle which is cited in the writer’s article 
on page 332.) Likewise for the fourth para- 
graph, the writer independently arrived at 
the safe upper resistance limit as stated in the 
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and utility companies into a program aimed 
at promoting modernization of wiring sys- 
tems. 

The need for such a program was pointed 
out in a recent statement by the show’s direc- 
tors, Harold R. Meyer and William S. Orkin, 
who cited the latest available figures for the 
nation’s annual fire losses. The figures dis- 
closed, they said, that fire destroyed $730,- 
084,000 worth of property in 1951, and rose 
to losses in excess of $815,134,000 in 1952. 
Based on past statistics, they said, approxi- 
mately 12 per cent of these totals could be 
attributed to fire resulting from electricity 
and electric power-consuming devices. 
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stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


order of 25 to 50 megohms, although recom- 
mending in the afore-mentioned article what 
he considered an ultra-conservative safe 
limit of 10 megohms rather than so low a 
value as the 1 megohm specified by NFPA. 

Relative to the fifth paragraph of Mr. 
Hermach’s letter, a simple, positive, con- 
trolled-resistance, safety grounding unit re- 
garding which the writer is consulting with 
the manufacturer removes all the problems 
of vagarious hazards associated with worth- 
less grounding chains and their inherent 
sparking potentialities and with high contact 
resistances of rubber casters, rubber leg tips, 
and metal gliders on portable facilities used 
in hospital operating rooms. Hence, by re- 
solving these erratic contact-resistance prob- 
lems by using this controlled-resistance 
safety grounding unit, 10 megohms or even 
more for the safe upper resistance limit for 
flooring seems indicated, justifiable, and 
reasonable. 

The NFPA committee, by not having prior 
information available regarding the merits of 
this safety grounding unit now being de- 
veloped to eliminate the previous objections 
of high contact resistances of floor-borne 
portable equipment as an effective aid to 
intercoupling, obviously could not have been 
expected to take cognizance of this improved 
safety feature. 

On this proposed new basis of eliminating 
the highly erratic contact resistances of all 
floor-borne equipment, there is now the more 
reason to determine by simple, direct 
measurement the actual floor resistance, 
reducing to inconsequence the normally high 
contact resistances of the NFPA electrodes, 
by using on their bare surfaces a suitable 
coating of conductive paste, as the results of 
the writer’s measurements show in curve C 
of Figure 2 of the article. Much of the dis- 
cussion in the fifth paragraph, relating to the 
measurements with NFPA electrodes in view 
of the foregoing considerations, now may be 
passed over in the interests of conserving 
space. 

With regard to Mr. Hermach’s seventh 
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f 
paragraph, simple arithmetic discloses thy 
the threshold value of electric shock or are 
ignition from a bare, live, 125-volt elect 
cord or appliance may be controlled by th 
lower resistance limit in the order of 100,00 
to 125,000 ohms; hence, double this resist 
ance value of about 250,000 ohms provides : 
suggested safe lower resistance limit. Sine 
the resistance of a conductive floor now cai 
be controlled in its manufacture and installa 
tion to reasonably close tolerance, a floo 
whose resistance lies in the order of 350,00! 
to 500,000 ohms between 3-foot spaced elec 
trodes seems an excellent objective. 

Predicated on the afore-mentioned value c 
median floor resistance and recognizing th 
inherently hazardous and unnecessary use C 
wet sheets around the bases of operate 
tables and anesthesia machines, safety in th 
operating room from electric shock or arc 
ignition by faulty cords seems adequatel 
provided. This being the case, no particula 
reason is apparent for resorting to the adde: 
cost and maintenance expense of proyidig 
special insulating transformers, dual wiri 
provisions, and troublesome signal systems 
operate ungrounded electrical distributio: 
throughout all hazardous areas in hospitals 

Another hazard in operating rooms whic: 
the writer considers a serious source of poss: 
ble electric shocks, electrocution, and arc 
ignitions from faulty wires or electric appli 
ances arises from the use of unprotecte: 
radiators, water outlets, and other expose: 
grounded facilities. These hazards seer 
not to be covered in NFPA Bulletin 56. 

Radiators should be guarded from inac 
vertent contact by operating-room personn¢ 
through the use of substantial front covers ¢ 
glass or insulating barriers, mounted abovw 
the floor sufficiently to provide adequat 
draft for efficient heating and for conveniena 
in floor cleaning. The barriers should b: 
continued high enough above the floor ¢ 
protect personnel from reaching over then 
and touching a radiator, providing a sma: 
side opening by which the radiator valw 
may be controlled as desired. 

Water facilities should be confined to ac 
joining sterilizing rooms, using hose conne¢ 
tions into the operating rooms when and _ 
necessary. A _ half-inch rubber or plasti 
hose, 25 feet long, supplied with tap watez 
possesses excellent high-resistance propertie: 
the resistance between the ends of the hos 
varying from about 1 megohm under stati 
water-filled hose conditions to over 
megohms under full-flow velocity. 


ROBIN BEACH (F 733 
(Robin Beach Engineers Associated, Brooklyn, N. Yi 


Nomograph for Coil Calculations 


To the Editor: 


In a letter to the editor (EE, Jul’53, p 664. 
C. P. Nachod refers to my recent cha 
“Design Chart for a Single-Layer Air-Coy 
Transformer” (EE, Mar ’53, pp 248-9). 
wish to thank Mr. Nachod for drawing nx 
attention to his nomograph for coil calculi 
tions which appeared in the January 19 
issue of Electronics, page 27. This nomograp 
could be used as an alternative to either 
the two references which are given as foo} 
notes in my article. To avoid any confusion 
it should be pointed out that his nomograp 


does not treat the same problem that | 
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overed by my chart. Mine refers to a trans- 
rmer or tapped coil and not to a simple 
olenoid. My Figure 1 would have been a 
ttle clearer had I shown either three or four 
external connections to the coil. 

__ Ishould like to take this opportunity to ask 
the readers of Electrical Engineering if they 
have seen any formula or chart in the litera- 
ture permitting the design of a tapped sole- 
noid without trial and error. (It is hardly 
ecessary to point out that there is a differ- 
nce between a long thin coil, tapped at, say, 
one-third of its length and a second coil with 
the same inductance and tap position, but 
with a smaller length: diameter ratio.) 


va A. C. HUDSON (AM °45) 

3 (National Research Council, Ottawa, Ontario, 

se Canada) 
4 


International Radio Communications 


To the Editor: 


4 I refer to my paper, “The First 50 Years 
of International Radio Communication,” 
which I presented at Chicago, Ill., last year 
and which was published in the AIEE bi- 
monthly publication, Communication and Elec- 
tronics (Nov °52, pp 371-5). 
_ Dr. Edwin H. Armstrong has written me 
calling attention to my statement that, follow- 
ing the invention of the 3-element vacuum 
tube in 1906, “for many years the device was 
confined to the detection and amplification of 
radio signals, but about 1912 it was dis- 


NEW BOOKS eeccoee 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


‘ANNUAL REVIEW OF NUCLEAR SCIENCE. 
Volume II, 1953. Annual Reviews, Inc., Stanford, 
Calif., 1953. 429 pages, 9 by 61/4 inches, bound. 
$6. The 16 papers contained in this volume cover 
a considerable range of topics, including the following: 
origin and distribution of the elements, production and 
distribution of natural radiocarbon, recent progress in 
accelerators, nuclear and photonuclear reactions, 
subnuclear particles, radiation effects in solids, isotopes, 
nuclear moments, cosmic rays, and high-energy fission. 


THE DESIGN OF ELECTRONIC MEASURING 
INSTRUMENTS. By F. G. Spreadbury. Associa- 
tion of Engineering and Shipbuilding Draughtsmen, 
Richmond, Surrey, England, 1953. 102 pages, 81/4 by 
51/2 inches, paper. 4s. Attention is directed in this 
pamphlet to the design of basic instrument types—the 
cathode-ray oscillograph, voltmeters, ammeters, watt- 
meters, the frequency meter, the chronometer, and 
others. Tube characteristics relative to instrument 
design and the stabilization of power supplies are dis- 
cussed, and a number of actual instruments are de- 
scribed. A brief list of references is appended. 


ENGINEERS AS WRITERS. Edited by Walter J. 
Miller and Leo E. A. Saidla. D. Van Nostrand Com- 
pany, Inc., 250 Fourth Avenue, New York 3, N. Y., 
1953. 340 pages, 88/4 by 58/4 in., bound. $4.25. A 
text for instruction in technical composition, presenting 
selections from the works of 15 engineering writers of 
different periods and fields. Each selection is followed 
by a critical analysis, suggestions for study, and topics 
for oral or written reports. The selections—running 
from Vitruvius and Agricola to Taylor and Hoover— 
are, for the most part, suitable for students in any field 
of engineering, and readily understandable to the 
layman. A few highly specialized writings are included. 
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covered, and so forth.” Dr. Armstrong is 
correct in pointing out that it could be con- 
cluded erroneously from this that the amplify- 
ing characteristics of the tube were known 
during the entire period from 1906, whereas, 
factually, the first public knowledge on this 
subject in the United States appeared in 
1912. It subsequently developed, however, 
that Lowenstein (in the United States) as- 
certained in 1911 that the 3-element audion 
could be used as an amplifier of audio- 
frequency currents and Von Lieben and 
Reisz (in Germany) became aware of such 
potentialities, also in 1911. 

Dr. Armstrong also commented on the 
statement in my paper: “The vacuum tube 
was responsible for another epoch which 
started soon after 1920 when it was found by 
radio amateur enthusiasts that waves shorter 
than 100 meters could be used over long dis- 
stances.”” He pointed out that Captain 
Round, working with Marconi, and using 
waves 100 meters long, discovered these long- 
distance phenomena in 1920 which was the 
year before the amateurs transmitted 200- 
meter wave signals across the Atlantic. 
However, the basic and important discovery 
that these short waves could traverse great 
distances during hours of daylight was first 
made 4 years later in 1924, by Marconi, using 
waves 32 meters long. 


HARADEN PRATT (F’37) 


(Telecommunications Advisor, Excutive Office of the 
President, Washington, D. C.) 


EQUIVALENT RADIO TUBES VADE-MECUM. 
P. H. Brans, Ltd., Antwerp, Belgium (distributed in 
United States by Editors and Engineers Ltd., Box 689, 
Santa Barbara, Calif.), tenth edition, 1953. 303 pages, 
111/2 by 8 inches, bound. $5. The present extensive 
range of tube data has necessitated spreading the 
material over three editions as follows: 9th edition 
(previously issued)—radio tube characteristics; 10th 
edition (the one reviewed here)—a guide reference for 
the possible exchanges or substitutions of radio tubes, 
indicating direct or near equivalents for both simple and 
complex cases, with specialized information as to 
differences, and covering military tubes as well as com- 
mercial types; 11th edition (to be issued next year)— 
television and special tube characteristics. 


FLUID DYNAMICS. (Proceedings of Symposia in 
Applied Mathematics, Volume IV.) American Mathe- 
matical Society. McGraw-Hill Book Company, Inc., 
330 West 42d Street, New York 36, N. Y., 1953. 186 
pages, 10!/4 by 7 inches, bound. $7. Fourteen 
papers by recognized authorities are presented which 
provide, among other topics, significant contributions 
on the statistical theory of turbulence and the mathe- 
matical theory of supersonic and transonic flow. The 
subject of incompressible flow is represented by articles 
on propeller theory, numerical methods, viscous flow, 
and the method of singularities. There are also treat- 
ments of shock waves and gravity waves. 


THE GREEN LEAF GUIDE. National Reference 
Guide for the Patent Field. Field Publications, Port 
Washington, N. Y., 1953 edition. 64 pages, 9 by 6 
inches, paper. $2. This guide contains broadly 
classified listings of leading manufacturers in every 
important industrial field and companies which are 
actively seeking new ideas of many different kinds. It 
also contains a brief list of services for inventors and 
patent attorneys and notes on government publications 
relating to patents. 


HISTORY OF STRENGTH OF MATERIALS. By 
Stephen P. Timoshenko. McGraw-Hill Book Com- 
pany, Inc., 330 West 42d Street, New York 36, N. Y., 
1953. 452 pages, 91/4 by 61/4 inches, bound. $10. 
Based on Professor Timoshenko’s lectures on engineering 
mechanics, this book traces the development of the 
science of strength of materials from Archimedes to the 
present. Brief biographies of workers in the field are 
included; and the relation of progress in the science to 
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Library Service 


NGINEERING Societies Library 

books may be borrowed by mail 
by AIEE members for a small han- 
dling charge. The library also pre- 
pares bibliographies, maintains search 
and photostat services, and can provide 
microfilm copies of any item in its 
collection. Address inquiries to Ralph 
H. Phelps, Director, Engineering So- 
cieties Library, 29 West 39th St., 
New York 18, N. Y. 


industrial development and engineering education is 
considered. Some discussion of the history of the 
theory of elasticity and the theory of structures is also 
included. 


INTRODUCTION TO THE THEORY OF PLAS- 
TICITY FOR ENGINEERS. By Oscar Hoffman and 
George Sachs. McGraw-Hill Book Company, Inc., 
330 West 42d Street, New York 36, N. Y., 1953. 276 
pages, 91/4 by 61/4 inches, bound. $6.50. This text 
deals with that comparatively recent branch of me- 
chanics which treats the behavior of ductile metals 
beyond the elastic range. It not only introduces the 
fundamentals, but also gives accounts of all major 
engineering applications of the theory of plasticity. The 
several sections are as follows: basic laws and theories; 
problems in plastic flow of ideally plastic materials; 
plastic flow of strain-hardening materials; theory of 
metal-forming processes. 


MACRAE’S BLUE BOOK, 60th Edition, 1953. 
MacRae’s Blue Book Company, 18 East Huron Street, 
Chicago 11, Ill., 1953. 4,127 pages, 11 by 81/2 inches, 
bound. $15. This 60th annual edition of one of the 
standard directories of American manufacturers and 
their products follows the arrangement of previous 
editions: a list of industrial manufacturers and their 
distributors; a detailed classified materials section 
with cross-references; and a trade name index. Capital 
ratings are indicated where reliable information has 
been supplied. 


MICROWAVE SPECTROSCOPY. By Walter Gordy, 
William V. Smith, and Ralph F. Trambarulo. John 
Wiley and Sons, Inc., 440 Fourth Avenue, New York 
16, N. Y., 1953. 446 pages, 91/4 by 61/4 inches, bound. 
$8. This first book in a relatively new field provides a 
comprehensive statement of the present knowledge of 
the subject. It describes the types of spectrographs, 
microwave and electronic components, and measure- 
ment methods. It discusses microwave spectra of gases, 
spectra of solids and liquids, nuclear properties, molec- 
ular structures, and applications in other fields. Ex- 
tensive data tables and a 600-item bibliography are 
appended. 


PHYSICAL FORMULAE. By T. S. E. Thomas. 
John Wiley and Sons Inc., 440 Fourth Avenue, New 
York 16, N. Y., 1953. 118 pages, 63/4 by 41/2 inches, 
bound. $2. Intended as a reference book for physicists 
and engineers, this is a compilation of the principal 
mathematical laws and formulas arranged in the 
following subdivisions: mathematics and statistics ; 
mechanics; hydraulics; elasticity; general physics; 
acoustics and Fourier series; heat; light; electricity 
and magnetism; and electronic physics. Purely em- 
pirical formulas, and those of little practical importance 
have been omitted. 


RADIO ENGINEERING. Volume II. By E. K. 
Sandeman. Chapman & Hall Ltd., London, England, 
second edition, 1953. 613 pages, 9 by 6 inches, bound, 
55s. A detailed treatment of fundamentals primarily 
for beginners, but containing a sufficiently extensive 
amount of technical data to serve as a reference book for 
the practicing engineer or designer. Important topics 
in this second volume are interference and noise, re- 
ceivers, measuring equipment, feedback, network theory, 
filters, and standard calculations. There is a classified 
bibliography of some 1,200 references. 


TELEVISION RECEIVER DESIGN. Monograph 1: 
Intermediate-Frequency Stages. By A. G. W. Uitjens. 
Philips’ Technical Library, Eindhoven, Holland (dis- 


855 


tributed in United States by Elsevier Press, 

‘ Lovett Boulevard, Houston 6, Tex.), 1953. 177 pages, 
91/4 by 61/2 inches, bound. $4.50. The first of a new 
group within the Philips series on electron tubes, this 
volume deals with the application of the pentode in the 
intermediate-frequency section of a superheterodyne 
receiver and the high-frequency stages of a tuned radio 
frequency receiver. This volume and the subsequent 
ones constitute specialized monographs providing 
detailed consideration of problems encountered in 
design and practice of television receivers. 


THE WRITINGS OF THE GILBRETHS. Edited by 
William R. Spriegel and Clark E. Myers. Richard D. 
Irwin, Inc., Homewood, IIl., 1953. 513 pages, 91/4 by 
61/4 inches, bound. $7.35. This book assembles in a 
single volume the works of Frank B. and Lillian M. 
Gilbreth, edited to include evidences of lasting principles 
and problems, to exclude matter significant only at the 
time of writing, and to avoid duplication of the works 
of their contemporaries. The original wording has 
been retained except for minor changes in spelling and 
terminology, and changes made in the interest of con- 
tinuity and readability. The volume includes a com- 
bined index to the writings. 


ZIRCONIUM AND ZIRCONIUM ALLOYS. Ameri- 
can Society for Metals, 7301 Euclid Avenue, Cleveland 
3, Ohio, 1953. 354 pages, 91/4 by 61/4 inches, bound. 
$7. The 21 papers comprising this symposium deal 
with a wide range of topics: zirconium ores and extrac- 
tive metallurgy processes, preparation of zirconium 
powder, manufacture of zirconium sponge, fabrication 
of zirconium, metallographic procedures, corrosion 
and corrosion resistance. Several papers cover in- 
vestigations of various zirconium binary systems, 
with emphasis on phase diagrams, The final paper 
discusses zirconium with relation to nuclear reactors. 


ASTM STANDARDS ON LIGHT METALS AND 
ALLOYS. Sponsored by ASTM Commitiee B-7 on 
Light Metals, Alloys, Cast and Wrought. American 
Society for Testing Materials, 1916 Race Street, Phila- 
delphia 3, Pa., 1953. 205 pages, 9 by 6 inches, paper. 
$3. This special compilation brings together some 50 
specifications and tests covering the following subjects: 
aluminum and aluminum-base ingots, castings, bars, 
rods, wire and shapes, forgings, pipe and tubes, sheet 
and plate; wrought products for electrical purposes in- 
clude various types of electrical conductors, and a test 
for resistivity; magnesium and magnesium-base ingots, 
castings, forgings, shapes, and so forth; general test 
methods for dielectric strength, tension testing, and so 
forth; two specifications for filler metal-electrodes and 
brazing material; and a recommended practice for 
electroplating. 


AMERICAN ELECTRICIANS’ HANDBOOK. By 
Terrell Croft and revised by Clifford C. Carr. McGraw- 
Hill Book Company, Inc., 330 West 42d Street, New 
York 36, N. Y., seventh edition, 1953. 1,773 pages, 
71/2 by 5 inches, bound. $10. This comprehensive 
handbook, designed to meet the needs of those with 
little formal electrical knowledge as well as the trained 
electrician and engineer, provides data and instruction 
for the selection, installation, operation, maintenance, 
and proper application of electric apparatus and mate- 
rials. The fundamentals of electrical theory are given 
as well as details of many specialized types of electric 
equipment. The new edition has been thoroughly re- 
vised to conform to the 1951 edition of the National 
Electrical Code. 


APPLIED KINEMATICS. For Students and Me- 
chanical Designers. By J. Harland Billings. D. Van 
Nostrand Company, Inc., 250 Fourth Avenue, New 
York 3, N. Y., third edition, 1953. 352 pages, 91/4 by 
61/4 inches, bound. $4.50. The principles governing 
motion and the design of machine elements are pre- 
sented; as far as possible, simple graphical methods are 
used. The illustrative material and problems are closely 
related to engineering practice. The chief elements in 
the revision are the addition of a new chapter on auto- 
matic control and its mechanisms and an appendix 
containing a group of “problems for the drafting room.” 


THE ATOM STORY. Being the Story of the Atom 
and the Human Race. By J.G. Feinberg. Philosophical 
Library, 15 East 40th Street, New York 16, N. Y., 1953. 
243 pages, 88/4 by 53/4 inches, bound. $4.75. Written 
in nontechnical language for the layman, this book 
traces the growth of man’s knowledge of the atom trom 
Democritus to the present, giving an account of the 
scientists—Roentgen, Curie, Rutherford, and many 
others—who contributed to the understanding of the 
atom. The story of the co-operative development of 
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the atornic bomb is told in detail. Two final chapters 
discuss present and anticipated peacetime uses of atomic 
energy, and the aspects, military and moral, of the use 
of the atomic bomb in war. Appendixes include a re- 
print of a United States Civil Defense Office publication, 
“Survival Under Atomic Attack”; definitions of detec- 
tors, accelerators, and reactors; and a brief glossary. 


ELEMENTS OF ELECTRICITY. By William Tim- 
bie. John Wiley and Sons, Inc., 440 Fourth Avenue, 
New York 16, N. Y., fourth edition, 1953. 631 pages, 
83/4 by 58/4 inches, bound, $5.50. In this revised 
edition, as in previous ones, the intent is to provide an 
adequate treatment of the fundamental principles which 
a technical student needs to know well. The electrical 
and magnetic data and theories are brought up to date, 
and the book reflects modern practice particularly in 
the problems which cover contemporary applications. 
Additions or revisions are most extensive in the field of 
electronics and control, particularly radar, transistors, 
television, ceramic capacitors, dry and gaseous rectifiers, 
and similar developments. 


EXPERIMENTAL NUCLEAR PHYSICS. VOL- 
UME I. Edited by E. Segré. John Wiley and Sons, 
Inc., 440 Fourth Avenue, New York 16, N. Y., 1953. 
789 pages, 93/g by 61/s inches, bound. $14. This is 
the first volume of a 3-volume summary of the main 
results of nuclear physics research, to cover experimental 
techniques, significant facts and data, and the broad 
lines of theoretical interpretation. The five parts of 
the present volume, each a reasonably complete treatise 
on a restricted subject, deal respectively with the follow- 
ing topics: detection methods; passage of radiations 
through matter; nuclear moments and statistics; 
nuclear 2-body problems and elements of nuclear struc- 
ture; charged particle dynamics and optics, relative 
isotopic abundances of the elements, and atomic masses. 
Extensive references to the original literature are given. 


HEATING, VENTILATING, AIR CONDITIONING 
GUIDE. 1953. American Society of Heating and 
Ventilating Engineers, 62 Worth Street, New York 13, 
N. Y., volume 31, 1953. 1,560 pages, 91/4 by 61/4 inches, 
bound. $7.50. The 51 chapters of this standard refer- 
ence work cover a wide range of topics: fundamentals 
of thermodynamics; the physiological bases of heating 
and air conditioning; calculation of heating and cooling 
loads of enclosed spaces; descriptions of systems and 
apparatus such as steam heating, panel heating, electric 
heating, refrigeration, and drying systems. It also in- 
cludes instrumentation, pertinent codes and standards, 
a glossary of terms, and lists of abbreviations and sym- 
bols. There are detailed indexes, and the usual con- 
densed manufacturers catalogue section is appended. 


HIGH VOLTAGE A-C CIRCUIT BREAKERS’ 
By S. Gerszonowicz. Constable and Company Ltd., 
London, England, 1953. 454 pages, 88/4 by 6 inches, 
bound, 63s. The first chapters of this book deal with 
basic phenomena, including overcurrents, a-c interrup- 
tion, and insulation. Then follows a description of 
types of circuit breakers; their operation and testing; 
oil with plain break and controlled break; oil, water, 
air, and “hard gas” with porcelain insulation. Control, 
automatic reclosing, and testing are also discussed, and 
considerable space is allotted to standards. There is a 
closing chapter on the selection of circuit breakers. An 
extensive bibliography is included. 


ENGINEERING DRAWING. By Frank Zozzora. 
McGraw-Hill Book Company, Inc., 330 West 42d Street, 
New York 36, N. Y., 1953. 369 pages, 11/4 by 9 
inches, bound. $5. A text and reference book for the 
student or practicing engineer, arranged for easy prog- 
ress in study, which begins with the basic elements and 
leads through geometrical constructions to sectioning, 
auxiliary views, intersections and developments, and 
various specialized depictions. Carefully chosen illus- 
trations and selected problems amplify and demonstrate 
the text content. 


GAS TURBINE ANALYSIS AND PRACTICE. By 
Burgess H. Jennings and Willard L, Rogers. McGraw- 
Hill Book Company, Inc., 330 West 42d Street, New 
York 36, N. Y., 1953. 487 pages, 91/4 by 61/2 inches, 
bound. $8.50. Written primarily for the under- 
graduate and graduate student, this text also presents 
information on gas turbine fundamentals, performance, 
and practices on a level suited to any reader with a good 
engineering background. The book begins with a dis- 
cussion of fundamentals, and then applies these to spe- 
cific components of the gas turbine power plant, with con- 
sideration being given to both thermodynamic aspects of 
design and to stresses and materials of construction, 
Complete air tables and combustion gas charts are pro- 
vided. 
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The following recently issued pamphlets may be : 
interest to readers of “Electrical Engineering.” 
inquiries should be addressed to the issuers. £ 


Radio-Frequency Power Measurements 
This circular, National Bureau of Standard 
Circular 536, presents a comprehensive 
survey of the methods currently in use for 
measurements of radio-frequency power anc 
gives a brief discussion of the theoretica! 
background, practical limitations, and ad- 
vantages of these methods. The circular 
contains sections on calorimetry, substitution 
methods, single-variable devices, 2-variable 
devices, and directional couplers. A com; 
parative table and a list of references are 
appended. 16 pages. 15¢. Order from 
Government Printing Office, Washingto 
2251, G: 

| 
Heat Pump Bibliography. “Bibliography 
of the Heat Pump Through 1951” is 2 
comprehensive listing of about 750 ref4 
erences to published materials on principles: 
design, operation, and applications of the 
heat pump. Listings are divided into three 
sections, containing, respectively, signec 
articles and other publications identified by 
author, unsigned articles and handbooks 
identified by publication or publisher, ana 
books devoted exclusively to the heat pump: 
30 pages. $1.00. Order from the Edison 
Electric Institute, 420 Lexington Avenue: 
New York 17,.N. Y. ; 


Fiberglas Duct Insulations. A _ 16-page 
design data booklet for Fiberglas duct 


insulations has been issued by Owens: 
Corning Fiberglas Corporation, Toledo) 
Ohio. It is available upon request! 


The booklet has more than 40 photographs 
and drawings of the various rigid and 
flexible Fiberglas  insulations for the 
exterior and interior of warm and cold ais 
ducts. Included is complete information 
about the new flexible duct liner, recently 
introduced by the company. This mai 
terial may be installed on metal sheets 
before they are bent to form ducts. It ig 
sprayed with a light coating of neoprene 
to prevent erosion by high-velocity ais 
and to reduce frictional losses. 


Starter Bulletin. Allis-Chalmers _ size 
0-3 a-c across-the-line motor starters are 
described in an 8-page bulletin releasec 
by the company. The bulletin cover: 
manual and magnetic types of starters: 
and combination and reversing starters 
as well as push-button control stations: 
Operating arrangements are described anc 
three types of enclosures, general purpose: 
watertight, dusttight, hazardous dust loca: 
tion, hazardous gas location; and oper 
type, are given. A table shows moto 
voltage and motor maximum _horsepowel1 
applicable to each of the four sizes o 
starters described. Copies of the bulletin 
“Allis-Chalmers Size 0-3 Alternating Cur) 
rent Across-the-Line Motor Starters,” 
14B7132A, are available on request from 
Allis-Chalmers Manufacturing Company 
931 South 70th Street, Milwaukee, Wis. 
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It has to be controlled. It has to be made to apply its power when and 
where needed. 


The control starts, stops, reverses the motor. It provides overload and 
stalled rotor protection. It can perform other required functions, such as 
plugging, jogging, etc. All this, and more, is 
provided by CLARK TyPE”CY” AC Motor 
STARTERS. 


Featuring an entirely new method of arc 
quenching in which the arc is constantly forced 
to rotate, never striking the same place twice, 


longer contact life is insured. A minimum of 
contact pitting and wear gives millions of 


trouble-free operations. pucasene iow Show iag 


Arc shield 


All parts are removable from the front—that simplifies maintenance! 


And the overload relay, with true eutectic alloy, has 50% greater 
clearances than demanded by standard specifications, oversize 
silver to silver contacts, quick break tripping, and easily determined 
heater ratings. This relay has been successfully used on countless 
applications for over 14 years. 


Magnetic blowout coils are used on all Size 2 and 3 "CY” starters. 


Sizes 0 and 1 use the same general mill type construction as the 


larger sizes. 


Size 2 Non Reversing Type “CY” : ‘ re , i 
AC Motor Starter Cover Removed Cabinets to meet allindustrial conditions are available for all four sizes. 


You'd Better Try... CLARK type“CY”! 


rut CLARK CONTROLLER co. 


“NEERED ELECTRICAL CONTROL + 1146 EAST 152ND STREET, CLEVELAND 10, OHIO 
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FORD 
INSTRUMENT 


COMPONENTS 


Ford Instrument Company makes 
the finest precision instruments 
and mechanisms for industry and 
the armed forces. 


FORD MECHANICAL DIFFERENTIALS 
with single spider gear—available in 
3/16,” 1/4” and 5/16” shaft diameters 
—high accuracy, low friction. 


FORD TELESYN UNITS are available in 


wide selection of sizes—proved preci- 
sion accuracy, corrosion and fungus 
resistance mean better synchros when 
you specify Telesyn. 


FORD SERVO MOTORS (60 and 400 


cycles) for extremely low inertia and 
high frequency response. 1/5; 1/2; 114; 
214; 5; 10-watt models in both low 
and high voltage, including magnetic 
amplifier controlled types. 


FORD ELECTRICAL RESOLVERS avail- 

able in sizes 23 and 31—interchange- 

ability, temperature compensation 

—60°F to +160°F, highest accuracy, 

adaptability, 400 cycle frequency. 
Ford Instrument also makes mag- 
netic amplifier systems, computers, 
converters, mechanical integrators 
and other instruments and equip- 
ment. Write for more details. 
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FORD INSTRUMENT COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Ave., Long Island City 1, N.Y. 
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INDUSTRIAL NOTES .... 


General Electric News. The Northern 
Commercial Company has been appointed 
the first agent and distributor of General 
Electric apparatus products in Alaska. 
Products to be handled include motors and 
controls, distribution and substation equip- 
ment, industrial heating apparatus, outdoor 
lighting, rectifiers, meters and instruments, 
fluorescent lamp ballasts, and renewal 
parts. Volney Richmond, Jr., president 
and general manager of the company, said 
they will provide off-the-shelf service of 
small electric equipment in Juneau, 
Ketchikan, Anchorage, Fairbanks, and 
Nome, Alaska, and will be backed up by 
Seattle, Wash., stocks of larger apparatus. 

John B. Coullard has been appointed 
sales engineer for the Components Depart- 
ment. He will have the responsibility for 
the sale and customer application of elec- 
tronic products of this department. Mr. 
Coullard will have his office at the Le- 
Moyne Avenue General Electric plant in 
Syracuse, N. Y., where the department has 
set up its printed circuit production facili- 
ties. 

Appointment of 3 plant managers to new 
positions in the manufacturing organization 
structure of the Lamp Division and the 
advancement of a plant superintendent to 
position of plant manager was announced. 
T. M. Wallace, manager of Lexington, 
Ky., Lamp Works, is being transferred to 
the Lamp Manufacturing Department at 
Lamp Division’s Nela Park headquarters 
in Cleveland, Ohio. A. D. Dixon, manager 
of Ohio Lamp Works at Warren, Ohio, 
assumes the post vacated at Lexington by 
Mr. Wallace. T. A. Glidden, manager at 
Bucyrus (Ohio) fills the position vacated 
by Mr. Dixon. J. W. Wright, who has 
served as plant superintendent at Memphis, 
Tenn., has been named manager of the 
Bucyrus Lamp Works, succeeding Mr. 
Glidden. 

Harry L. Williamson, Jr. has been ap- 
pointed manager of marketing of the heat 
pump department. Mr. Williamson was 
formerly manager of advertising and sales 
promotion of the company’s Locke Depart- 
ment in Baltimore, Md. 

B. M. Robertson of Scarsdale, N. Y., has 
been named manager of finance of the 
company’s Apparatus Sales Division in 
Schenectady, N. Y. Mr. Robertson has 
been treasurer of the International General 
Electric Company at New York City since 
1949. 

Establishment of a Direct-Current Motor 
and Generator Department has been an- 
nounced. Oscar L. Dunn, appointed gen- 
eral manager of the new department which 
will be located in Erie, Pa., explained that 
it will assume all duties and responsibilities 
of the company’s former D-C Motor and 
Generator Planning Study. In addition 
the department will have responsibility for 
the d-c and synchronous motor and gener- 
ator lines which are now manufactured by 
the company’s Large Motor and Generator 
Department at Fort Wayne, Ind., and the 
Medium Induction Motor Department. 
The following were appointed by Mr. 
Dunn to key posts in the new organization: 
Paul D. Ross, manager of marketing; Rich- 
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ard M. Hartigan, manager of employee re- 
lations; Paul S. Stough, manager of engi- 
neering, Louis E, Wengert, manager of 
finance; and Francis J. Boucher, manager 
of manufacturing. 

Creation of 3 subdepartments within the 
Tube Department, and appointments of ~ 
general managers for each, was announced. 
The Tube Department is one-of 4 product 
divisions of the General Electric Electronics 
Division. Its operations encompass 8 
manufacturing plants and 3 warehouses in 
7 states. Named general manager of the 
Industrial and Transmitting Tube Sub- 
department was Robert O. Bullard, Sche- 
nectady, N. Y. From his headquarters at 
Schenectady, Mr. Bullard will have re- 
sponsibility for all engineering and manu- 
facturing activities relating to the indus- 
trial and transmitting tube products of the 
Tube Department. Appointed general 
manager of the newly created Receiving 
Tube Subdepartment is L. Berkley Davis, 
Owensboro, Ky. His headquarters will be 
at Owensboro, and he will have parallel 
responsibilities for receiving tube opera- 
tions. Named general manager of the 
Cathode Ray Subdepartment was Robert 
E. Lee, Syracuse, N. Y. His responsibility 
for cathode-ray tubes, whose primary use 
today is as television picture tubes, will 
correspond to that of the other new sub- 
department general managers. 


Westinghouse Notes. Clyde S. Gischel,. 
formerly tire sales manager for the Fire- 
stone Tire and Rubber Company, has been 
appointed general manager of consumer 
products for the Westinghouse Electric 
Supply Company. He will be responsible 
for consumer product sales in the company’s 
17 districts-and 112 branch offices across 
the country. He will report directly to 
Mr. Myers, president, at the firm’s execu- 
tive headquarters at 40 Wall Street, New 
York, N. Y. 

A. Frye Ayers, manager of the Detroit 
office, was awarded the Westinghouse 
Order of Merit, highest honor conferred by 
the company upon its employees. He was 
honored for outstanding and inspiring serv- 
ice in establishing friendly relations for 
Westinghouse with leaders in the automo- 
tive, steel, electrical utility, and machine tool 
industries; and for his significant contribu- 
tion to continued improvement of the com- 
pany’s commercial position. 

The Westinghouse Electric Corporation 
will build a plant in Duluth, Minn., to 
service and repair electric equipment. 
The plant will be equipped to repair or 
rebuild any heavy electrical product, in- 
cluding industrial and farming electric 
apparatus. 

The Union Switch and Signal Division of 
Westinghouse Air Brake Company an- 
nounced the formation of a new general 
apparatus engineering and sales organiza- 
tion for the purpose of providing improved 
service to its many customers in aviation, 
electronic components and systems, traffic 
control, industrial electromechanical de- 
vices and related fields. Mr. Allan S. - 


(Continued on page 22A) 
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AlSiMag ceramic insulators retain their superior elec- 
trical insulation qualities at elevated temperatures, have 
excellent resistance to heat shock, permanent rigidity, 
high mechanical strength and low moisture absorption. 
Dimensional accuracy and uniformity speed assembly. 


Superior electrical insulation 
AT HIGH TEMPERATURES! 


GROOVED BUSHINGS ¢ ELEMENT SUPPORTS 
TERMINAL BLOCKS ¢ SPECIAL DESIGNS 
CAN BE MADE TO YOUR SPECIFICATIONS 


Our fast automatic production methods permit quan- 
tity production at low cost. AlSiMag insulators are well 
and favorably known to all testing laboratories, and 
help speed their approval ... SEND US your blue print 
or sample. Let us show you what we can do for you. 


B2ND YEAR OF CERAMIC LEADERSHIP 


FREE! Bulletin No. 344 AMERICAN LAVA CORPORATION 


A SUBSIDIARY OF MINNESOTA MINING AND MANUFACTURING COMPANY 


Describing AlSiMag 197, a stea- 


CHATTANOOGA 5, TENNESSEE 


tite ceramic insulation that is spe- OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N. J., Mitchell 2-8159 + SYRACUSE, N. Y.: 
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Robertson has been appointed manager, 
General Apparatus Sales Department, and _ 
E. J. Agnew, manager, General Apparatus | 
' Engineering Department. : 


PAVES THE AIRWAY Tighe Volage Sicko Balan Da 


Star. The completion of the first order for 
330-kv switches ever to be placed in the 
T 0 | i T E L LI Oy le i T HW] E S I United States has been announced by Delta- 
: : Star Electric Division, Chicago, Ill. These | 

ultrahigh-voltage switches are now being 
installed on the transmission. lines supply- 
ing the Atomic Energy Commission project 
near Portsmouth, Ohio. Rated at 1,600 


amperes, these switches are the highest 
voltage switches ever built in this country. 


RCA News. Election of W. Walter Watts 
as vice-president in charge of technical 
products and of Theodore A. Smith as 
vice-president in charge of the Engineering 
Products Department was announced. 

A. Cameron Duncan, a veteran of 17 
years in RCA Victor sales and merchandis- 
ing activities, has been named manager of 
merchandise operations of the Home 
Instrument Department, RCA Victor Divi- 
sion, Radio Corporation of America. 
Joseph J. Kearney, former manager of the 
east central renewal sales district for the 
Tube Department, has been advanced to 
renewal sales manager for radio batteries, 
the post vacated by Mr. Duncan. 

George E. Dittman, one of the radio 
industry’s pioneer field sales representa- 
tives, was appointed manager of the éast 
central renewal sales district of the Tube 
Department, succeeding Mr. Kearney. 

C. D. Pitts, former Coast Guard officer, 
and well known radio and sound engineer, 
has been appointed a field sales representa- 
tive for RCA Broadcast equipment. He 
will assist David Bain in the company’s 
Washington, D. C., office. 

Neal McNaughten, internationally 
known radio and television engineer and 
consultant on broadcasting problems, will 
join the company as administrator of the 
broadcast market planning section of the 
Engineering Products Department. 


Honeywell Names Research Head. The 
appointment of Dr. Finn J. Larsen as direc- 


tor of research for Minneapolis-Honeywell 
entury Model 408 Recording Regulator Company was announced. Dr. 


scillograph is rapidly becoming . : Larsen, a member of the company’s re- 

tandard of the industry.” It has _ S ‘ search and engineering organization since 

; =< 1948, succeeds Dr. Waldo Kliever, who has 

been designed and built expressly for : +o resigned to accept a position with another 
mobile and airborne operation, As 


company. 
th all Century industrial instru- 


ments, the Model 408 Oscillograph Raytheon Appointments. Three divi- 
incorporates the utmost in modern — = . = sional appointments were announced by 
:. : the Raytheon Manufacturing Company, 
Waltham, Mass. C. R. Hammond and 
O. P. Susmeyan have been named assistant 
vice-presidents of Raytheon’s receiving tube 
division, and W. M. Thompson has been 
appointed an assistant vice-president of the 
power tube division. 


GEOPHYSICAL CORPORATION 


Acme Electric Promotion. Jack Hall has 


TULSA, OKLAHOMA been appointed director of sales of the 
4447 No. Bodine 3406 W. Washington Blvd. 238 Lafayette St. 309 Browder St. EXPORT OFFICE Acme Electric lines of standard transform- 
Philadelphia 40, Pa. Los Angeles 18, Calif. Dayton 2, Ohio — Dallas, Texas 149 Broadway, N. Y. City 5 
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Weather- 
resistant 


Resists corrosive 
atmospheres 


CABLE JACKETING OF VINYLITE PLASTIC 
CORES OF BAKELITE POLYETHYLENE 


TRADE-MARK 


Here’s a combination that gives you double assurance 
of long, trouble-free service life for wire and cable! 
VinyitE Brand Plastic jacketing is really tough—re- 
sistant to abrasion, weather, corrosive atmospheres, 
brine, oil and grease. Specially formulated compounds 


stay flexible and impact-resistant down to —67 deg. F. eS AKE LITE 


They're virtually good as new even after seven years Ee 

submersion in water or twelve years’ burial in the and e e 

ground, | | 
BAKELITE Polyethylene has excellent electrical prop- in y I € 

erties—a dielectric constant of only 2.3, a power factor 

only 0.0004 at 50 megacycles and 25 deg. C, It can be P LA S u i € $ 

used in smaller diameters. Its light weight—a specific —$(Byex 

gravity of only 0.92—increases handling ease. Stripping BAKELITE COMPANY 

and splicing are faster. It stays flexible down to —70 A Division of 

deg. C., resists deformation up to 90 deg. C. It’s resistant Union Carbide and Carbon Corporation 

to abrasion, aging, water, most chemicals. 30 East 42nd Street, New York 17, N. Y. 


All-round serviceability, light weight, easier handling 
_these are the outstanding features of wire and cable 
jacketing of Viny.iteE Brand Plastic over BAKELITE Poly- 
ethylene cores. Get this team for your job—whether mil- 
itary or civilian. For a list of suppliers, write Dept. RJ-66. 

geal ae Se 
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Shrimp boats are gicomin’... 


Powered 


by Onan Electric Generators 


Controlled 
by Regohm 
Voltage Regulators 


ee boats encounter rough seas. 
Their safe return can depend upon the 
reliable electrical power supply, pro- 
vided by Onan generators. 

To insure performance for these and 
all AC and DC, military and commer- 
cial regulated power units they manu- 
facture, D. W. Onan & Sons Inc., has 
standardized on Regohm voltage regu- 
lators. Whether on sea, land or air 
applications, this low cost, compact, 
electro-mechanical controller demon- 


strates rugged ability to withstand 
severe vibration, shock or ambient tem- 
perature conditions. And you can’t beat 
the band of Regohm’s voltage regula- 
tion. Standard models provide constant 
voltage output within less than +2%. 

Onan Engineers like these additional 
advantages of Regohm Voltage Regu- 
lators on their generators. 

1. Size—Regohm is small in size, light in 
weight, but big in performance. It is a 
natural where economy of space and 
weight are major considerations. 

2. Low Cost—Regohm costs less, does 
more, than the complex equipment that 
once was the only available solution to 
control problems. 

3. System Stabilizing—With its high 
speed averaging effect and a built-in, 
thoroughly reliable dashpot, Regohm 
will stabilize control systems with 
widely varying characteristics. 

4. Low Operating Power— Low signal 
power requirement of one watt for 
solenoid bias makes Regohm easily ap- 
plicable to special units. 

5. Long Life—In properly engineered in- 
stallations, Regohm’s life is measured in 
years. Shelf life is substantially un- 
limited. 

6. Simplified Maintenance—Regohm’s 
plug-in feature simplifies replacement 
and maintenance—there are no parts to 
renew or lubricate. 

Call on our engineering and research 
facilities to help you develop optimum 
design for your equipment and system. 
Learn how Regohm can help you with 
your regulation problem. Write for 
our Bulletin 505.00. Address Dept. EN, 
ELECTRIC REGULATOR CORPORA TION, 
Norwalk, Conn. 
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ers. Mr. Hall will be responsible for the 
further sales development of Acme Electric 
luminous tube transformers, fluorescent | 
lamp ballasts, cold cathode lighting ballasts _ 
and transformers, oil burner ignition trans- 
formers, dry-type power transformers, con- 
trol transformers, and the automatic voltrol | 
and manual voltage adjustor that has been — 
well received in the television industry. 


New Plant. A new factory will be_ 
opened shortly at Warren, IIl., to expand | 
the production of the Micro Division of | 
Minneapolis-Honeywell Regulator Com- 


pany. 


RTMA Changes Name to RETMA. — 
Members of the Radio-Television Manu- 
facturers Association voted to change the — 
association’s name to the Radio-Elec- — 
tronics-Television Manufacturers Associa- 
tion and approved a reorganization plan 
which will expand the board of directors 
and provide larger representation for new 
segments of the industry, especially in the 
advanced electronics field. The changes 
become effective immediately. Two com- | 
mittees of the board were established. 
They are the Radio-Television Industry 
Committee and the Electronics Industry 
Committee. Pending the first meetings of 
the 2 committees of the board on Septem- 
ber 17 in New York, Board Chairman 
Robert C. Strague has appointed Director 
F. R. Lack as temporary chairman of the 
Electronics Industry Committee and desig- 
nated himself as temporary chairman of the 
Radio-Television Industry Committee. 


NEW PRODUCTS ee 


Lightning Arrester. A new “magne- 
valve” lightning arrester, featuring small 
size and light weight, has been announced 
by the General Electric Company’s Trans- 
former Department. The new arrester, to 
be used for the present only on 7,200- and 
7,620-volt unit-type distribution trans- 
formers, has impulse characteristics similar 
to those of the company’s pellet arresters. 
For 7,200-volt transformers, the 9-kv 
arrester is only 141/, inches long and weighs 
only 10 pounds. The 10-kv arrester, for 
7,620-volt transformers, is only 151/, inches 
long and weighs only 11 pounds. The new 
arrester is now being installed on all 7,200- 
and 7,620-volt General Electric pole-type 
distribution transformers. 


Double-Pole Circuit Breaker. Offering a 
new standard of safety for gasoline filling 
stations and other areas where an electric 
spark can cause serious conflagration, a 
double-pole circuit breaker which simul- 
taneously opens both poles when one pole is 
overloaded has been placed on the market 


——CONTROL COMPONENT IN: Servo systems « battery-—— 
chargers * airborne controls * portable and station- 
ary generators + marine radar « inverters « locomo- 
tive braking systems * mobile telephones « guided 
missiles * signal and alarm systems « telephone 
central station equipment « magnetic clutches e rail- 

road communication systems, 


by Federal Electric Products Company, 
Newark, N. J. In some regions of the 
United States, the new circuit breaker has 
been accepted by major gasoline com- 


a 
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Victor No. 924 (25,000 lb.) Suspensions under- 
going high frequency and 60-cycle flashover tests 
on Victor-designed continuous testing machine. 


Every Victor Suspension Insulator has to “run the gauntlet”’ 
through the flashover testing machine illustrated here. And 
every one must stand up under both high-frequency and 60- 
cycle flashover for a period of more than three minutes before 
being eligible for shipment. This stringent, individual testing, — 
coupled with the greater toughness, uniformity and resistance 
to impact of Victor Purified Porcelain gives greatest possible 
protection for your lines! More reasons why Victor is the 
power man’s best buy! For full data on Victor Suspensions, 
write for Bulletin No.4. = 


VICTOR NO. 924 
(25,000 Ib.) 
SUSPENSION 


FREE BOOKLET 


gives you the full 
story on how 
Victor insulators 
are made—how 
and why Puri- 
fied Porcelain was 
developed. Write 
us for your copy. 


UCTOR INSULATORS Y 


VICTOR INSULATORS, INC., VICTOR, N. Y. 


Low and High Voltage Pintypes * Suspensions * Guy Strains * Spools * Switch and Bus Insulators * Custom Designed Porcelain 
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panies as standard equipment in their 
service stations. Thermal-magnetic in 
action, the simultaneous-trip stab-lock 
double-pole circuit breaker is designed 
with a universal-joint-type linkage which 
causes both contact arms to move simul- 
taneously to the “off” position when either 
one of the circuit breaker poles is tripped 
by an overload. The “thermal action” 
uses a bimetal element which permits 
harmless momentary current surges, as 
when a motor is starting, to pass without 
tripping the circuit breaker, but flexes and 
trips the circuit breaker instantly when its 
predetermined current-time rating is ex- 
ceeded. The “magnetic action” comes into 
play when severe short circuits occur, giving 
a strong, instantaneous break in the circuit. 


All-Electronic Tape Recorder. The first 
all-electronic, fully automatic high-fidelity 
music and voice tape recorders were intro- 
duced by the Ampro Corporation, Chicago, 
Ill. The firm, manufacturer of 16-milli- 
meter sound motion picture projectors and 
tape recorders, also introduced a matching 
console speaker cabinet for extended range 
reproduction. Two models, the “Celeb- 
rity,” and the “Hi-Fi,” feature a new elec- 
tromagnetic “piano key” control system. 
Solenoids operate all controls, eliminate 
breakdowns and wear found in ordinary 
mechanical linkage systems, and provide 
fast, simplified, foolproof recording and 
playback. Model 755, the Celebrity, with 
a tape speed of 33/, inches per second, has 
a frequency response of from 30 to 8,500 
cycles per second. Playing time with dual- 
track operation is 2 hours. Model 756, the 
Hi-Fi, has a tape speed of 7!/2 inches per 
second, permitting maximum fidelity of the 
full range of audio reproduction. Fre- 
quency response is from 30 to 13,000 cycles 
per second. Playing time on a 17-inch reel 
is up to 1 hour, with dual-track operation. 
Both machines are the first tape recorders 
having complete electromagnetic, push- 
button operation. 


Overload Radiation Switch. A new over- 
load radiation switch that provides com- 
plete protection against tube failure due to 
anode overheating has been announced by 
Federal Telephone and Radio Corpora- 
tion, associate of International Telephone 
and Telegraph Corporation. Designed 
expecially to protect radiation-cooled trans- 
mitting tubes from damage caused by ex- 
cessive plate dissipation, the switch will 
operate with any tube whose radiant 
energy density at the surface is greater than 
1 watt per square inch. Further informa- 
tion on the overload radiation switch, for 
which patents are pending, may be ob- 
tained by writing the Component Sales 
Department, Federal Telephone and Radio 
Corporation, 100 Kingsland Road, Clifton, 
N. J. 


Radio-Shielding Gasket Material. A 
new, highly conductive gasketing material 
is now available for shielding radio and 
television equipment. It is said to be effec- 


(Continued on page 48A) 
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-hp- 200AB Audio tests 20 cps to 40 ke 1 watt/24.5v $120.00 


| 150.00 | 
Carrier current, telephone tests | 60cpsto600ke | 10 mw/Iv_—*|-350.00 | 
6 eps to 6 ke 100 mw/10v__| 225.00 | 
High quality audio tests 20 cps to 20 ke 3w/42.5v | 250.00 | 
-hp- 202A Low frequency measurements 


-hp- 202B Vy cps to 50 ke 100 mw/10v | 350.00 | 
-hp- 202D 2 cps to 70 ke 100 mw/10v 275.00 


-hp- 204A 2 cps to 20 kc 2.5 mw/5v 175.00 
-hp- 205A 20 cps to 20 ke 5 watts 


-hp- 205AG 20 cps to 20 ke | 425.00 | 
1 ke to 100 ke | 550.00 | 


-hp- 205AH 
20 cps to 20 ke +15 dbm 
35 cps to 35 ke 
475.00 


50 cps to 500 kc 
160 cps to 160 ke 300.00 
475.00 


-hp- 200CD Audio and ultrasonic tests 5 cps to 600 kc |160 mw/20v open circuit 


-hp- 200CD AUDIO OSCILLATOR 


World standard for electronic or electrical 
measurements, now redesigned with wider 
range, lighter weight, smaller size. Use for 
any lab, field or production problem in sub- 
audio, audio, telephony, carrier, supersonic, 
telemetering or rf measurement fields. High- 
est stability, low distortion, constant output, 
no zero set while operating. With carry- 
ing strap for bench or portable use; or for 
rack mounting. 


Low frequency measurements 


Low frequency measurements 


Portable, battery operated 


High power audio tests 


High power tests, gain measurements 


High power supersonic tests 


High quality, high accuracy audio tests 


Carrier test oscillator +14 dbm/600 ohms 
3w/600 ohms 
+14 dbm/600 ohms 


15 mw/3v 


-hp- 233A 
-hp- 234A 
-hp- 650A 


Carrier test oscillator 


Carrier test oscillator 


Wide range video tests 10 eps to 10 mc 


-hp- 650A Resistance-Tuned Oscillator -hp- 202A Low Frequency 
Highly stable, wide band (10 cps to 10 mc) reise Sonerstey ; 
. illat oscillator particularly useful for testing tele- Compact, convenient, all-purpose source o 

UE nde UU tated ell eo vision amplifiers, receiver alignment, bridge transient-free voltages between 1/100 cps and 
Precision instrument for measurements 2 or carrier circuits, wide band systems; deter- 1 kc. Provides distortion-free signals for vibra- 
cps to 20 kc where ac power is not available. mining tuned circuit response. Operates inde- tion studies, servo applications, medical and 
Compact, light weight, weather-proofed— pendently of line or tube changes, requires no geophysical work and other subsonic prob- 
extra rugged construction for field duty. zero setting. Output flat within 1 db through- lems. Generates sine, square or triangular 
Frequencies set and read directly on large out range, monitored with VITVM. 60 db waves. Output 10 v RMS, balanced or single 
dial. Particularly useful for telephone or attenuator adjusts in 10 db steps. ended, 1% distortion, constant within 0.2 db. 


remote broadcast line checks, strain gauge 
applications, telemetering and geophysical 


ments. Provides completely hum- 
6c eects Grom dastilight and43- HEWLETT-PACKARD COMPANY 
volt batteries. Output stable and constant 2711E PAGE MILL ROAD «+ PALO ALTO, CALIFORNIA, U.S.A. 


throughout range. SALES REPRESENTATIVES IN PRINCIPAL CITIES 
Export: Frazar & Hansen, Ltd., New York City, San Francisco, Los Angeles 


Data subject to change without notice. Prices f.0.b. factory 
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pressure sensitivity 


The accurate measurement of pressures is basic in 
many of our aircraft instruments and controls. Our 
expanded activities now cover the four distinct yet 
allied fields of 


AIRCRAFT INSTRUMENTS AND CONTROLS 
OPTICAL PARTS AND DEVICES 
MINIATURE AC MOTORS 

RADIO COMMUNICATIONS AND 
NAVIGATION EQUIPMENT 


Current production is largely destined for our defense 
forces; but our research facilities, our skills and tal- 
ents, are available to scientists seeking solutions to 
instrumentation and control problems. 


KOLLSimar snsreowcnr cor 
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tive even under difficult conditions of high 
receiver sensitivity and low signal strength. 
The material is made by Vulcanized Rub- 
ber and Plastics Company, Morrisville, 
Pa., and consists of aluminum wire screen- 
ing whose interstices are filled with neo- 
prene, the synthetic rubber made by Du 
Pont. The material can be supplied either 
in the form of cut gaskets or as uncut sheets 


19 inches long and 15 inches wide. Thick- 


ness as now supplied is 0.02 inch; other 
thicknesses can be made if there is demand 
for them. 


Insulating Rosin Flux. Insulation charac- 
teristics comparable to polyethylene have 
been successfully combined with extremely 
fast “take” in a newly developed rosin 
flux. This flux is devoid of any free acid 
and is completely noncorrosive. These 
features meet two important needs in 
present electronic applications: fast flux- 
ing action and smooth, even coating neces- 
sary in the dip tinning of printed circuits; 
elimination of breakdown due to corrosion 
in the soldering of delicate ultrahigh-fre- 
quency components. Additionally, this 
new rosin flux is unusually resistant to high 
temperatures. Known as Lonco Insulating 
Rosin Flux and developed by the London 
Chemical Company, Chicago, IIl., this new 
flux has undergone considerable testing 
under actual operating conditions. For 
complete information write to the London 
Chemical Company, Inc., Department 
E2, 325 West 32nd Street, Chicago 16, IIl. 


Transmitter Test Unit. A new television 
side-band response analyzer designed for 
use with a cathode-ray oscilloscope was 
announced by the Engineering Products 
Department, RCA Victor Division, Radio 
Corporation of America. The new test 
equipment, RCA Type BW-5A, measures 
over-all amplitude versus frequency of 
very-high-frequency television transmitters 
without using internal connections and 
with the transmitter operating at normal 
power output. The equipment includes a 
video sweep oscillator, and can be used in 
adjusting video amplifiers, modulators, 
and so forth, and for tuning the over- 
coupled broad-band radio-frequency cir- 
cuits and measuring their amplitude re- 
sponse characteristics. Illustrated’ litera- 
ture and specifications on the new analyzer 
are available on written request to the 
Broadcast Equipment Section, RCA Engi- 
neering Products Department, Camden 2, 


N. J. 


Vertical Action Starter. The Square D 
Company will have a new NEMA Size 4 
vertical action starter in production during 
the third quarter of 1953. With maximum 
polyphase ratings of 50 horsepower 220 
volts, 100 horsepower 440-550 volts, the 
new Starter is considerably smaller than the 
clapper-type starter it replaces. Over-all 
dimensions of the new open-type starter are 
only 91!/, inches wide, 14%/, inches high, 


(Continued on page 58A) 
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Vina eahevaaty maya PACIFIC ELECTRIC 


These features contribute to 
Pacific’s Proved Protective Performance... 


Nested Sliding-Shoe Contacts 


ACIFIC’S Continued use of the reliable nested 

sliding-shoe (finger) form of contact, even for the 

largest circuit breakers, is now supported by the indus- 
try trend when severe conditions are to be met. 


The stationary and moving contact surfaces of the 
contacts are silver Elkonite, of such form that arc foot 
prints are confined to portions of the surfaces that do 


not carry load current. 


The stationary contact structure of each pole com- 
prises six sets of contacts in series, each of either four 
or six shoes, depending on rating. Voltage division 
between the sets of contacts is aided by capacitance 


grading shields. 


SALES OFFICES or AGENCIES 
in PRINCIPAL CITIES 


Type RHE 


Maserati ay chee CIRCUIT BREAKERS 


ASA, AIEE, and NEMA STANDARD 


Projection of lead growth and of maxi- 
mum fault current may indicate the selec- 
tion of breakers of far higher rating than 
present load requires. 


115, 138, 161 kv — 3 or 5 cycles 
196/230, 230, and 287 kv — 3 cycles 
to 10,000,000 interrupting kva (ASA) 
at 161, 230, and 287 kv 


At Left: 

One of Fifteen 
Type RHE-78, 161 
kv, 10,000,000 int. 
kva for Electric En- 
ergy, Inc., Joppa, 
Illinois. 

At Right: 

Interior of Tank; a 
single rotary struc- 
ture connects six in- 
terrupters in series 
(three are shown). 


Below: 
Moving Contact 
Entering Nest of 
Six Sliding-Shoe 
(finger) Contacts. 


Proved Interrupters 


Pacific interrupters are of simple self-pressurizing 
type; their exceptional performance is due to improved 
utilization of directed oil flow and to high speed of de- 
veloping open-gap distance. 


Other Features 
@ Only one moving structure within the tank. 


e@ Opening accelerating springs and shock absorbers 
are outside of the tank. 


e Oil-hydraulic restoration of closing energy. 

e Easy manual emergency operation for load switch- 
ing as well as for test. 

e@ = Electrically and mechanically trip free in any posi- 
tion, even during high-speed reclosing. 


PALES ELECTRIC 
MES. CORPORATION 


§815 THIRD STREET, SAN FRANCISCO 24, CALIFORNIA 


OTHER FACTORIES: 


SANTA CLARA, CALIFORNIA; GARY, INDIANA 
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Why Westinghouse portable instruments 
are easier to read 


Try this little experiment to find out 
for yourself why one of the two 
portable instrument dials shown 
above is easier to read than the 
other. Find 7 on each scale. Then 
try to locate 12.6. Pick any odd 
number or any number and decimal 
from 1 to 20 and find it on each scale. 

Notice that you can read the scale 
at the top easily and accurately. The 
scale at the bottom is difficult to read. 
You have to puzzle over it and guess 
at some readings. 

Laying out an instrument scale re- 
quires a great deal of thought and 
planning to avoid results like that 
shown in the lower scale. Poorly laid 
out scales like this are far too com- 


you can 6E SURE.. .1 irs 


Westinghouse 


mon, Westinghouse portable instru- 
ments are a pleasure to use because 
the scale divisions are well planned 
for fast, easy, accurate reading. 
Another reason Westinghouse 
dials are easier to read is because 
they have an exclusive baked resin 
finish that stays white. It provides 
permanent protection against dis- 
coloring, crazing or chipping under 
all atmospheric conditions. This is 
especially important in portable in- 
struments which are often carried 
from place to place and used under 
poor lighting conditions. J-40432 


EVERYTHING YOU NEED IN 
METERS AND INSTRUMENTS 


[es ey esetp rm a a I = 
| FREE CATALOG For more information about the COMPLETE LINE of | 
| Westinghouse portable instruments, write for Catalog CS 43-100 or send | 
| this coupon to Westinghouse Electric Corp., P.O. Box 868, Pittsburgh 30, Pa. | 
| 

| NAME- = 2 , 
| 

| COMPANY. —— 3 r = : 
| 

| ADDRESS — = re ~ | 
| : 
| cITy STATE | 
a a eee 
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73/1, inches deep. Contacts used on the — 


filling or dressing, and double-break to 
eliminate all flexible jumpers and pivots. 
The armature has straight line motion, 
guided at top and bottom. For copy of 
descriptive Bulletin 8536F, address Square 


new device are silver which never require | 
F 
| 
| 
i 


D Company, 4041 North Richards Street, | 
Milwaukee 12, Wis. i 


New 60-Position Switch. The space- and 
weight-saving advantages of low-cost 


printed circuit techniques have been ap-_ 


plied to a new 60-position rotary switch 
recently announced by the Shallcross 
Manufacturing Company, Collingdale, Pa. 
Stator contacts of the new switch are silver- _ 
and rhodium-plated copper printed on a 
paper-based phenolic deck only 3 inches 
square. Connections are made to stator _ 
contacts through easily soldered eyelet — 
terminals. The combination of printed 
contacts and eyelet terminals makes this — 
switch extremely light in weight consider- | 
ing its great number of contacts. The new 
Shallcross switch features an isolated shaft 
and is designed for 4-point spacer mounting > 
so that a number of these single pole units 
may be readily ganged. Contacts are 
arranged to make-before-break. Detent is — 
optional on order. Inquiries are invited 
regarding applications for these new — 
switches. 


Sliding Contacts. An innovation in sliding 
contacts or brushes for servomechanisms, 
radar antenna operating units, calculating 
machines, midget motors, and other exact- 
ing applications has been announced by 
the Stackpole Carbon Company, St. Marys, 
Pa. These Stackpole silver-graphite units 
feature extremely low contact resistance 
and great resistance to welding for maxi- 
mum contact efficiency and life at mini- 
mum cost. Lowest radio noise levels, short 
of using more costly noble metals, are ob- — 
tained by using these silver-graphite units 
against a silver ring. For ordinary uses 
however, a copper ring or commutator will 
suffice. 


Transmitter. The Model 4 transmitter 
was designed primarily for use on lead- 
covered cable installed in ducts, but can 
also be used on aerial and buried cable. It 
has a maximum output of 15-kv direct cur- 
rent and a discharge capacitance of 2 
microfarads. This 150-pound unit requires 
a source of supply of about 600 volt- 
amperes at 115 volts alternating current 
and may be used as a source of direct voltage 
for proof testing of cable and other insula- | 
tion, a very valuable feature both at instal- 
lation and after alterations or repairs. It 
provides a d-c over-all test facility that is 


particularly suited to cables and other | 


electric apparatus in the lower voltage 
classes. Its maximum proof-testing ca- | 
pacity is 15 milliamperes at about 0.7_ 
megohm and about 50 milliamperes at 
short circuit. For complete information on | 
Biddle Impulse Cable Fault Locator equip- | 
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HS THE: A: V..C. 
CONSTRUCTION THAT 
MAKES THE DIFFERENCE 


OUTER FELTED ASBESTOS 
WALL 


VARNISHED CAMBRIC 


INNER FELTED ASBESTOS 
WALL 


ROCKBESTOS 


® S .. j You can get life-long depend- 

WV 4 & able service under severe 

= = | : operating conditions because 

A, @ 2 ( N e E. Cc. TYPE AVA) : . = . these walls of impregnated 


felted asbestos permanently 


PREVENTS WIRE FAILURES... val ereus idateaceciee 


fectively seal the high dielec- 


CUTS MAINTENANCE COSTS WHERE ee es 
TEMPERATURES RUN HIGH 


Get started on a failure-prevention campaign if you want to 
avoid future trouble in your power, control and lighting cir- 
cuits. Look into all possible trouble-sources such as high ambi- 
ent temperatures, probable overloads, exposure to moisture, 

oil, grease and corrosive fumes ... then specify Rockbestos 
A.V.C., (AVA) the wire designed to meet these conditions. 


These permanently insulated wires and cables guarantee 

long and trouble-free service in circuits exposed to severe 

operating conditions because they have an impregnated as- 

bestos insulation that isheat and flame resistant. It won't bake 
brittle, crack or flow in temperatures up to 230°F.... and 
won't deteriorate with age or rot when exposed to oil, 
grease or fumes. 


R re) cK B E S ime) S Protect “hot-spot” circuits around boilers, furnaces, kilns, 


PRODUCTS CORPORATION soaking pits, pump rooms, steam tunnels and heat- 
exposed duets with Rockbestos A.V.C. (AVA). It will 


EW HAVEN 4, CONNECTICUT ie oe F i B 
N eliminate re-wiring jobs and expensive mainte- 


NEW YORK ¢ CLEVELAND © DETROIT « CHICAGO 
PITTSBURGH © ST. LOUIS * LOS ANGELES « NEW ORLEANS nance. 125 different standard types ee 


OAKLAND, CALIFORNIA * SEATTLE available in 600 to 5000 volt ratings. 
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Size: 
9VYe" x Ya" x 17%" 
31.5 Pounds 


ANOTHER EXAMPLE OF 1. *eZeeman PIONEERING... 


The SAR PULSESCOPE, model S-4-A, is the 
culmination of compactness, portability, and pre- 
cision in a pulse measuring instrument for radar, 
TV and all electronic work. An optional delay of 
0.55 microseconds assures entire observation of 
pulses. A pulse rise time of 0.035 microseconds is 
provided thru the video amplifier whose sensitivity 
is 0.5V p to p/inch. The response extends beyond 
11 MC. A and S sweeps cover a continuous range 
from 1.2 to 12,000 microseconds. A directly cali- 
brated dial permits R sweep delay readings of 3 
to 10,000 microseconds in three ranges. In addi- 


tion, R sweeps are continuously variable from 
2.4 to 24 microseconds; further expanding the 
oscilloscope’s usefulness. Built-in crystal markers 
of 10 or 50 microseconds make its time measur- 
ing capabilities complete. The SAR PULSESCOPE 
can be supplied directly calibrated in yards for 
radar type measurements. Operation from 50 to 
1000 c.p.s. at 115 volts widens the field application 
of the unit. Countless other outstanding features 
of the SAR PULSESCOPE round out its distin- 
guished performance. 


WATERMAN een co., | 


WATER ON PRODUCTS INCL 


” WATERMAN PRODUCTS 
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ment write for Bulletin 65-7 to James G. 
Biddle Company, 1316 Arch Street, Phila- 
delphia 7, Pa. 


TRADE LITERATURE 


Catalogue of Measuring Equipment. A 
revised edition of the General Electric 
Company’s 64-page measuring equipment 
catalogue, containing information on more 
than 115 testing and measuring devices for 
laboratory and production line use, has 
been announced as available from the com- 
pany at Schenectady 5, N. Y. The fully 
illustrated publication, GEC-7076A, con- 
tains information on products ranging 
from simple current indicators to com- 
pletely automatic oscillographs; from sur- 
face roughness scales to mass spectrometers ; 
from d-c amplifiers to radiation monitors. 


Combustion Gas Turbines. A 24-page 
booklet on combustion gas turbine power 
plants for mechanical drive applications is 
available from the Westinghouse Electric 
Corporation. The booklet describes 4 types 
of combustion gas turbines manufactured 
by the company. Load diagrams, dimen- 
sioned outline drawings, performance 
curves, and colored cut-away drawings are 
presented for each type. Twelve factors to 
be considered in selecting a gas turbine 
power plant for mechanical drive service 
are listed. For a copy of this booklet, K- 
5859, write Westinghouse Electric Corpora- 
tion, Box 2099, Pittsburgh 30, Pa. 


Corrosion Resistance. For 27 years, con- 
tinuous laboratory research and field study 
of the nature of corrosive attack on copper 
and copper alloys have been conducted by 
The American Brass Company’s technical 
staff. The results of this study have re- 
cently been brought up to date in a new 
28-page booklet, “Corrosion Resistance of 
Copper and Copper Alloys.”? This publi- 
cation explains the chemical and physical 
nature of corrosive attack in its various 
forms. Booklet B-36R is available without 
charge from the American Brass Company, 
Waterbury 20, Conn. 


Line and Slide Switches. A comprehen- 
sive selection of inexpensive line and slide 
switches for radios, television sets, appli- 
ances, small motors, toys, instruments, and 
similar equipment is described in a 16-page 
bulletin RC-9B available on letterhead 
request to Stackpole Carbon Company, St. 
Marys, Pa. Included are complete specifi- 
cations, dimensions, and helpful applica- 
tion data for 7 new line switches recently 
developed for use with Stackpole variable 
composition resistors. 


Hydraulic Actuator. Arecently developed | 


hydraulic actuator for Allis-Chalmers 


power circuit breakers, which combines ad- | 
vantages of pneumatic and hydraulic prin-- | 
| 
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BIDDLE 


@ ELECTRICAL TESTING INSTRUMENTS 


@SPEED MEASURING INSTRUMENTS 


g Leuweel ho @ LABORATORY & SCIENTIFIC EQUIPMENT 


JAMES G. 


BIDDLE CO., 


1316 ARCH ST., 


Ties ow TESTING... 


TEMPERATURE-RESISTANCE CHARACTERISTICS 


OF ELECTRICAL INSULATION 


The insulation of electrical equipment is 
usually of composite construction, elec- 
trically in parallel or in series or both. 
And in practice, when the insulation resis- 
tance of equipment and its associated 
circuits is measured together, the insulat- 
ing materials involved become even more 
diversified. If the component materials are 
built up in series only, then that material 
having the highest volume resistance will 
usually control the temperature effects, 
whereas in parallel arrangements, the 


material having the lowest resistance will 
usually control. 

The insulation of rotating equipment 
and other dry-type apparatus, also includes 
a wide variety of materials, either organic 
or inorganic, or both, such as molded or 
paper-bound mica in Class B insulation, 
and paper, pressboard, and treated cloth in 
Class A insulation. 

A.J.E.E. Standards list the five classes 
of insulating materials repeated in brief 
form as follows: 

Class O— Organic 
impregnated. : 
Class A—Organic materials—im- 
pregnated. 
Class B—Inorganic materials with 
organic binding substances, and a 
small proportion of Class A mate- 
rial for structural purposes only. 
Class H—Inorganic materials with 
binding substances composed of 


materials —not 


A Composite Nature of Electrical Insulation 


silicone compounds, or materials 
with equivalent properties. 
Class C—Inorganic only. 

Composite insulations in any one of 
these classes may include several different 
kinds of material falling in the same class, 
which means that the temperature-resis- 
tance characteristics of insulating struc- 
tures in the same class may vary, as well as 
the structures in different classes. 

The fact that the insulation resistance 
of a material includes both its volume 


YOU CAN TELL 
from Megger read- 
ings if insulation is 
going bad before it 
breaks down; saves 
time and repair bills. 


and surface resistance must also be con- 
sidered, and for most practical cases, that 
portion of the leakage current which flows 
through the body of the dielectric is small 
in comparison with the portion which 
flows through the surface film. The pres- 
ence of surface films should therefore 
affect the temperature characteristics of 
insulating materials. 


NOTE: The above material is 
taken from our Technical Publi- 
cation 21T4 which summarizes 


and discusses some of the pub- 
lished and available unpublished 


information on this important 
and rather difficult subject. 

Write on your company’s letter- 
head for your copy of BULLETIN 
21T4-EE. 


JAMES G. BIDDLE Co. 


»@ ELECTRICAL TESTING 
SPEED‘ MEASURING 


INSTRUMENTS 
INSTRUMENTS 


1316 ARCH STREET 
PHILADELPHIA 7, PA. 


e LABORATORY & SCIENTIFIC EQUIPMENT 
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PHILADELPHIA 7, 


PA. 


WHAT’S SO SPECIAL... 
about a MEGGER® 


Insulation Tester ? 


To quote a well known motor car manufacturer, 
“Ask the man who owns one”. Right, when you 
want the straight story on an instrument like 
the Megger Tester that has to perform depend- 
ably and efficiently, ask the men who own them. 

After almost 50 years of supplying these 
instruments to industry we know that they are 
their own best salesmen. We do not sell you a 
Megger Tester—you buy it on its time-tested 
and field-proved performance. Why is it 
the favorite? 

Electrical men everywhere in the world prefer 
Megger Testers for these reasons: 


Easy to use—Light weight (only 8 lbs.), entirely 
self-contained with a constant-voltage gen- 
erator—no dependence on batteries or other 
current supply. 


Easy to read—Direct reading in ohms and or 
megohms, no keys to press or dials to adjust 
and accuracy is independent of the exact 
speed of the generator or strength of the 
permanent magnets. 

Rugged and reliable—These instruments 
withstand long hard use far beyond the 
normal expectancy of the average delicate 
instrument. Because of their sturdiness and 
never-failing power-supply they are ideal 
field instruments. 

Low cost—The purchase price of a Megger 
Tester has little bearing on its value. One 
test of a valuable piece of equipment may 
result in savings of several times the cost 
of the instrument. 


| James G. Biddle Co. Breet 
1316 Arch St., Phila. 7, Pa. 


Gentlemen: 


Please send me BULLETIN 21T4- 
EE. 


| 
| 
| 
Attached is my company letterhead. 7 
NAME | 
JOB FUNCTION | 
COMPANY | 

| 


ADDRESS 


K SERIES 
: ZEZZEZD 


i; 
i 


The high quality audio connectors shown 
above are available from all Cannon Fran- 
chised Distributors. In their great variety of 
sizes, shapes and contact arrangements there 
is no problem or technical requirement in the 
radio, sound, TV or related fields that cannot 
be met. Cannon plugs are standard on leading 
makes of audio equipment and microphones. 


CANNON ELECTRIC 


Since 1915 
ELECTRIC 


FACTORIES IN LOS ANGELES, TORONTO, NEW HAVEN 
Representatives in principal cities. Address inquiries to Cannon Electric Co., 
Dept. i-11,, Los Angeles 31, California. 


get good reception 


WW 


ow 


il 


TELEVISION 


M1 SERIES 
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ciples, is described in a new bulletin re- 
leased by the company. Identified as the 
‘““Pneu-Draulic” operator, the new actuator 
offers reduced maintenance, high reclosing 
speeds, and high system efficiency. It is 


conceivable, according to Allis-Chalmers 


engineers, that the new hydraulic actuating 
system may be the forerunner of a new era 
in circuit breaker design. It could mean 
the replacement of mechanical linkages 
with tubes carrying an operation fluid, 
altered physical design of present power 
circuit breakers, and smaller.and less com- 
plete controls. Copies of the bulletin, 
‘‘Pneu-Draulic” Operator, 7/B7942, are 
available upon request from Allis-Chalmers 
Manufacturing Company, 931 South 70th 
Street, Milwaukee, Wis. 


Noise Measurement. A new publication, 
the “Handbook of Noise Measurement,” 
has been made available by the General 
Radio Company to replace the well-known 
‘Noise Primer.”? The new handbook, con- 
sisting of over 100 pages, covers thoroughly 
the measurement of air-borne sounds, in- 
cluding definitions, standards, measuring 
equipment, procedures, and interpretation 
of results. Copies of the handbook are 
available from the General Radio Com- 
pany, 275 Massachusetts Avenue, Cam- 
bridge 39, Mass., at a price of $1.00 post- 
paid, cash with order. 


Instruments. “Instruments for Modern 
Measurements’’ is the title of a new 34-page 
booklet published in two colors by Brush 
Electronics Company. It illustrates and 
describes over 37 different instruments, 
especially engineered and produced for: 
electrical measurements, physical measure- 
ments, resistance-welding measurements, 
textile measurements, ultrasonic energy 
applications, electro-acoustical measure- 
ments, and so on. Several new instru- 
ments are included as well as improved 
models. Booklet will be sent free of charge. 
Send request on your letterhead to Sales 
Promotion Department, Brush Electronics 
Company, 3405 Perkins Avenue, Cleve- 
land 14, Ohio. 


Applications of Teflon. Latest word on 
woven glass fabrics impregnated and coated 
with ‘Teflon,’ tetrafluoroethylene resin, 
is available in a new technical bulletin 
compiled by the Du Pont Fabrics Division. 
Not only are the outstanding electrical and 
mechanical properties of these fabrics, 
tapes and laminates set forth in tabular 
form, but uses in other fields are also 
touched upon. The chemical and solvent 
resistance, high and low temperature char- 
acteristics, and anti-adhesive and anti- 
friction properties of various glass fabrics 
coated with ‘‘Teflon” suggest applications 
in the aircraft, chemical, food processing, 
packaging, paper, plastics, printing, rubber, 
textile, and other industries. Copies are 
availalole on request to Du Pont Company, 
Fabrics Division, Room 812, 350 Fifth 
Avenue, New York, N. Y. 


Permutit Ion Exchangers. To summarize 


(Continued on page 68A) 
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THIS Sac 
METALCLAD SWITCHGEAS 
is part of Whirlpool’s distrib: 
tion system. Electric service is 
brought in at 69 KV. Twotrans- 
former banks deliver power at 
12.5 KV to this double-ended 
switching center. Four feeders 
supply load centers which serve — 
various areas of the plant with — S 
440-volt power. Two additional — 
feeders are spares for future 
use. A tie switch in the center — 
bay, normally open, permits all 
* feeders to be supplied from one 
» transformer only under emer- 
* gency. conditions. : : 


——S.¢ METALCLAD SWITCHGEAR — 
~ FITS THE JOB BETTER sg 
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When Whirlpool Corporation recently acquired a plant in 
LaPorte, Ind., for the manufacture of aircraft parts, a new elec- 
tric service had to be provided to meet the new requirements. 

Koontz-Wagner Electric Co., Inc.—contractor-engineers of 
South Bend—were assigned to engineer and install the 
necessary equipment. 

As part of the main substation, Koontz -Wagner selected 
SeC Metalclad Switchgear to provide fault protection and 
switching . . . because investigation showed it was not only 
adequate for every need, but that alternate equipment would 


is egal 2 edema have been larger and more cumbersome, required more 
Borcrtntendent oe ground area, a larger pad, and would have cost more to install 


Koontz-Wagner. He and maintain. Rs 
says, “Our work is al- With SeC Switchgear the cost wasless | 


most altogether con- than half; and now there are no batteries 
nected with industrial t rae ‘toch 

plants and public build- oO maintain, no O o change. ; 

ings. Because of our Information about Ss«C Switchgear is 
long and valuable ex- contained in this booklet . . . we would 
perience in this field, like to send you a copy. 


we prefer to do our 
own engineering, and -—— 
give our customers full ; 
A SeC Electric Company 
advantage of Gur © 4427 Ravenswood Ave., Chicago 40, Illinois 


i know- 
perience and Please send me your new booklet on S&C Metalclad Switchgear. 


ae 


tion is entirely ade- Name Title 
quate, and pene Company 
we are able to make 

substantial savings, as (etna 
we did at Whirlpool.” City Zone 


_State 


a es, 
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the properties of most of their ion exchang-- 
ers and indicate some of their uses, a 125 
page bulletin, number 2508, has been pre- 
pared by the Permutit Company, New York 
36, N. Y. The bulletin details a general 
history of ion exchange engineering, gives 
data on the proper selection of ion exchang- 
ers, and lists general applications in the | 
treatment of water and special problems 
associated with the recovery of vale 
metals from solutions, streptomycin puri- 
fication, sugar refining,-separation of rare 
earths, treatment of wastes, and soon. 


{ 
: 
; 
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Socket-Head Cap Screw Bulletin. The 
Bristol Company, Socket Screw Division, 
has just published a bulletin describing 
their line of hex socket cap screws. The 
new bulletin describes the features and 
uses of these cap screws, which are made in 
sizes from number 0 to 1 inch. The bulle- 
tin, Number 876, along with an accomp- 
anying illustrated price list giving com- 
plete specifications, is available from The 
Bristol Company, Waterbury 20, Conn. 


Aluminum Booklet. ‘Aluminum in Ma- 
terials Handling,” a reprint booklet of 
six articles reporting the results of a survey 
covering more than 50 manufacturers 
and users, is being offered by the Alumi- 
num Association, 420 Lexington Avenue, 
New York 17, N. Y., on letterhead request. 


Television Picture Tubes. A time-saving 
Substitution Chart for television picture 
tubes has been compiled by CBS-Hytron, 
a division of Columbia Broadcasting Sys- 
tem, Inc., and is now available without 
charge from distributors, or direct from 
the company’s main office at Danvers, 
Mass. The chart includes all electro- 
magnetically deflected tubes, regardless of 
make. An index leads to the proper substi- 
tution group listing all readily interchange- 
able types. 


Vacu-Break Panelboard Bulletin. Bull- 
Dog Electric Products Company, Detroit, 
Mich., has announced publication of a new 
illustrated bulletin dealing with its com- 
pact Vacu-Break Panelboards. Bulletin 
VP-450 has 12 pages containing complete 
descriptive material, dimensional data, 
horsepower ratings, and other “pertinent 
information. The bulletin explains the 
operation of the arc-snuffing vacu-break 
switch units and the compact 21/>-inch 
sliding contact unit. 


Linear Actuators. Complete information 
oe ik. on Barber-Colman Linear Actuators for 
Inquiries are invited aircraft application is now available in new 
concerning single pads Linear Actuator Bulletin F 4387-7. The 
and turrets having bulletin emphasizes the design features, 
other characteristics gives application information, plus speci- 
fication data on these new, compact, and 
lightweight units which are used in re- 
mote positioning of aircraft engine controls, 
trim tabs, oil cooler shutters, valves, and 
similar functions where linear motion is 
is required. Address your request for a 


STODDART AIRCRAFT RADIO CO., INC. 


- 6644-B SANTA MONICA BLVD,, HOLLYWOOD 38, CALIFORNIA 


HOllywood 4-9294 free copy to the Barber-Colman Company, 
5 Rockford, Ill. 
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